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ORIGINAL ARTICLES 

THE VACCIINATTON . OF HIG-HLY SUSCEPTIBLE ANIMALS AGAINST 

RINDERPEST 

B>’ J. B. Haddow n.iK.l J. A. Idnani, Imperi&l Yeterinary Research Institute, Miikteswar 

(Received for publication on 17 June 1940) 

(With two text-figures) 

E dwards [1927] l-ty attenuatino' and fixing rinderpest virus in goats has provided India, with a 
reliaV)le a nd safe means of vaccinating plains cattle. The larger problem being solved, the demand 
for providing for the more suscepti])]e populations of the hills, for buftaloes, particularly those in 
miik or in-calf, and for sheep and goats has become more insistent. This demand has been accen- 
tuated by tlie wider movement of these animals necessitated by the war. Vaccination with goat 
virus alone in these species gives rise to an unpleasantly large number of severe reactions, wliicli 
may even be followed by deatlis varying in extent with local conditions. The use of smalt doses of 
serum to damp down sucli reactions is now almost universal, but this is expensive and unwieldy when 
large herds or flocks liave to be protected. The annual reports of this Institute contain many re- 
ferences to attempts at simplifying the procednre, but none of these has proved acceptable to field 
workers. It was decided at the beginning of the war that the position should be reviewed and fresh 
efforts made to find a satisfactory solution. Entirely satisfactory results have not been attained, 
but progress in certain directions was achieved and this is now recorded. 

Three different strains of virus were available for experiment, (1) line E, a highly virulent epidemic 
ox strain causing about 90 per cent mortality in hill-bulls, (2) line D, and old laboratory passaged 
strain of ox origin causing about 12 per cent mortality, (3) line W, the goat-fixed strain ca, using al)out 
12 per cent mortality. As buffaloes wei-e seldom available, experiinents wei*e mad(^ on hill-bulls, 
tJie mortality in which is considerably higher than in buffaloes. 

Alumina-gel vaccine 

Haddow and Idnani [1941] reported that fowls could be vaccinated against Ranikhet disease 
with a i'irus julsorbod on alumina.-gels. Small-scale experiments were carried out on similar lines on 
goats using vac'clnes made separately from line E and. line W viruses. Six goats wore vaccinated with 
each type of vaccine. Only three in each group became available for test and all were found to be 
solidly immune. The work however, was not continued, because the difficulties of preparing and 
transporting such a vacciue \nider field conditions in India would clearly be almost insurmountable, 

Foemalized vaccine 

Forinalir.ed vaccines prepared with line B and line W viruses were also tried on a small scale in 
goats. IMiese were ])repared somewhat on the lines of Daubney [1928]. Spleen pulp was foi'inalized 
i ; i ()()(» in nutrient In-oth and stored at 5°C. Vaccine prepared with line B virus was tested after 
three un<l seven days on six goats ea<'li time, and that prepared with line W was in ocu hated into six 
gtjafs ai‘te-r six day's storage. No alteration of the viruses was perceived and owing to ihe. high cost 
of such a vaccine the work was dropped. 

Glycerolized vaccine 

Since tlie yoai* 1918 when Kakizaki initiated the method, several workers have made trails with 
glycerolized vacciiio, Ihmnett [193(>] reported a series of experiments carried out in tlie Sudan. 



VacGinaUon Against Kinder fesf. 

Infected spleens collected at tlie height of reaction were minced and to this twice the quantity {hy 
weight) of 00 per cent glycerol was added. This product was then aged eithe.r at 37‘^’C. o(- at O'd'. 
Bennett conohidc<l that glycorolized spleen pulp was rendered safe for vaccination purp(»,ses by storage* 
cither fur thr (!0 days at or for three months at O'Tl Stress was laid on dosa,g(‘. - tJic freslan' 

the vaccine the smaller (he dose but 1 gram of spleen, palp per 1.00 kilograms live, weight was e(tnsi - 
dered suitable. This aiithoi- also stated that vaccine after treatjmmt at 37" 0. (.‘ouhl be ston'd for 
many months in the cold a, ml used in the held without loss of antigenic, power. PfalT [1038] has 
examined the subject of vaccination with glycerolized virus. 

Vaccivalion of kill-bidls. Our exporiinents were designed in a similar manner to thosi*. of ,lhnin<'.tt. 
Line B virus was employed to infect bulls and spleens w'ere collected in every case mt the, fifth flay. 
Twice the weight of 60 per cent steriliiied glycerol was added to the minced tissue. The mixture 
was stored at 37°CJ. and inoculations were made from it at various intervals, liable I shows thii 
results of experiments on bulls, weighing about 100 kilograms. 


Table I 

Qlyoerolized vaccine {lime E) in hill-hulls 



No. of 

I Dose of vaccine 


Tested after 

Result of 

Period of storage 

Animals 

1 suspension 

Reaction 

days 

test 

37“ C. for 24 hours .... 

1 

.3-0 c.c. 

nil 

17 

! I 


1 

do. 

i do. 

17 

sit R; S 

37®C. for 48 hours , 

1 

do. 

do. 

16 

R; D 


1 

do. 

1 do. 

16 

Sit R; S 

37“0. for 72 hours .... 

1 

do. 

do. 

15 

. , B;:S ■ 


1 

do. 

do. 

15 

I ■ 

37®C. for 72 hours followed hy storage 
in refrigerator for 7 days 

' 

do. 

do. 

27 . 

R} ;d 

1 1 

do. 

! Reacted and died 
of riuderpeat ; 
day 11* 

7iil 




for 14 days 

1 ^ 

do. 

20 

I 

for 21 days 

1 


do. 

13 

R; D * 




It would appear from Table I that the vaccine was rendered safe for use after only 24 hour’s 
storage at 37®C., but with the dosage employed it failed to impart complete or consistent immunity ; 
also that the vaccine lost its potency completely after three weeks in cold stoi'age. 

To elucidate further the viability of the virus used foj- prcpa,riug the va.ceine, spleen tissue was 
emulsified in double its weight of distilled water, stoi'ed at 37°(J. in flat containers a, ml tested at the 
same dose rate at 24, 48 and 72 liours. One of tlie two bnlls tested with rnateiifd stoi‘(Ml for 24 hours 
developed rinderpest and died on the tenth day. Its companion s]iow<h1 no reaction but (h.'veloped . 
rinderpest on immunity test. All the remaining animals reacted on test with virulent virus. This 
experiment indicated that rinderpest virus in the form of thic.k snsp{msit)ns is very variable in potenc >' 
when stored at 37®C. 

In view of the fact that, line E virus was of highly infectious nature and therefore not likely 
to be safe for widespread field use, further work was prosecuted with th<i less virulent virus, line I ), 
Vaccine was prepared in exactly the same way from line D, except that tlu^ period of ageing at 37''(,b 
was kept at two days. The results are shown in Table. IL 


S.lt B=>Sliglit tenipemt/ure reacition ; R=roacition ; I— Immune ; I)~.l)ieil ; S=:Sm‘vivocl ; 
^Possibly an accidental infection 


GlyceroUzed vaccine {line D) in hill-bulls 


Period of storage 

No. of 
animals 

nose of vaocine 
suspension 

lleaction 

Tested after 
days 

Result of 
test 

37"C. for 4S hours . . , . i 

1 

3-0 c.c. 

ml 

12 1 

Sit R; S 


1 

do. 

do. 

12 . 

U; D 

37°C. for 48 hoiu's, followed by .storage 
iu refrigerator 

2 

30-0 c.c. 

do. 

12 

. I 

for 7 days . 

1 

3-Oc.c. 

do. 

10 

I . ■' , 

1 

do. 

do. 

10 

, BjB, 

"Av,'; " h' 


1 

1 

30-0 c.c. 
Died of other 
causes 

do. 

10,; 

for 14 • . 

2 

3-0 c.c. 

do. 

12 

I ■■ 

2 

30-0 c.c. 

do. 

12 

I 

for 21 days 

1 

3 0 c.c. 

do. 

14 

R; S 

1 

do. 

do. 

14 

■I ■ ■' 


2 

30 0 C.C. 

do. 

14 

I 

for 28 day.s . , . 

1 

3-0 c.c. 

do. 

14 

R;S 

1 

do. 

do. 

14 

R; D 


2 

30 '0 c.c. 

do. 

14 

I 


The results indicate that the line D vaccine was safe for use after two days’ ageing at 37°C. 
and that it retained its antigenic value for four weeks, when administered at the higher dose rate, 
which alone gave solid iimnimity. 

The period of ageing of the vaccine was then further reduced to 21- hours in one lot and 30 hours 
in another. The result of this experiment is given in Table III. 

Table HI 


GlyceroUzed vaccine {line D) in hill-bidh 



No. of 

Dose of vaccine 


Tested after 

Result of 

Period of storage 

animals 

suspension 

Reaction 

i 

days 

test 

37®C. for 24 hours .... 

1 

3-0 c.c. 

nil 1 

23 

1 R; D 


1 

do. 

do. 

23 

1 I 


2 1 

30-0 c.c. 

R; D 


1 

37 “C. for 30 hours .... 

2 

3 0 c.c. 

nil 

23 

Sit RfS 


2 

30-0 c.c. 

do. 

23 

I’ 

37°0. for 24 hours, transported 90 
miles in 2 days on ice 

11 

3-0 c.c. 

Sit R. 

2 months 

3 tested j I 




12 months 

4 tested ; I 

37°C. for 30 hours transported 90 miles 

11 

30 0 c.c. 

Sit R. 

2 months 

1 tested ; I 

in 2 days on ice 

i 



12 months 

8 tested ; I 


In this experiment, as well as in previous tests, it became apparent that tvn important factors 
needing control are the period of ageing and the size of the dose. After the vaccine has been rendered 
safe, a fairly large dose has to be employed to ensure protection. 

Another brew of glycerolized vaccine was now prepared with line D virus and tested after 18, 
21 and IS hours at 37°C. (Table IV). 




r ivinaerpe 

Table IV 

GtyceroUzcd vaccim {Urn D) on Mil-bulk 


I'eriod of storage 

Jffo. of 
animals 

Dose of vaccine 
suspension 

Jteactiou 

37"G. fur 18 hours .... 

2 

3*0 c.c. 

Sit It. 

37®t!. for 24 hours .... 

1 

30*0 e.c. 

3-0 c.c. 

do. 

It; D. 


1 

do. 

Sit It. 

37“C'. for 48 hours .... 

1 

30-0 C.C. 

3*0 c.c. 

do, 

' nil 


1 

do. 

do. 

-f . 

nrn.„ i^, .. > • .r, .. 

_ 

30-0 c.e. 

do. 


Touted after 
diiyw 


2-i 

IM 

iJI: 


Result of 
testt 


J, 

,j: 

1 

it; D 
Sit .R; S 
.1 




Ideated f„. « W at 37” e have to be e^ptoyeTreur ptSL: ' 
were al“e 1 Mtb«ur“'““ ® “J 1™'- W riruee 


prepared ■ 
Table V 


ies. A few' (eatw 


l^eriud of atorage 


37® C. for 48 liours 


37 ®C. for 48 hours followed by storage 
in the refrigerator for 7 days 


for 14 clays 

for 21 days 

for 28 days 
for 28 days 

37*0. for 72 hours , 

37*0. for hours 72 


No of 
animals 

Dose of vaccine 
suspension 

Vaccine pj 

•epared with line j 

1 

1-6 c.c. 

1 

do. 


7-0 c.c. 

1 

15 0 c.c. 

1 


1 

1-5 c.e. 

1 

do. 

1 

7-0 C.C. 

1 

do. 

1 

16'0 c.c. 

1 

do. 

1 

I'Sc.c. 

1 

do. 

1 

7*0 c.c. ' 

1 

do. 

1 

16-0 c.c. 

I 

do. 

1 

1-5 C.C. 

1 

do. 

2 

7-0 c.c. 

1 

15'0 c.c. 

1. 

do. 

1 

i'6 c.c. 

1 

do. ] 

2 

7-0 c.c. 

1 

16‘0 c.e. 

1 

do. 


Iteaction 

Test after 

Result of 

1 

. days 

test 


Vaccine prepared with 
f I 3*0 e.e 


nil 

do. 

Sit R 
nil 
Sit R, 
nil 

Sit It 
do. 

b other eaiiaas 
nil 
do. 

Sit It; D; P 
nil 

. other eauses 
nil 
nil 
Xiate It 
nil 
do. 
do, 
do. 
do. 
do. 


nil 

D, P. P 
nil 

line E vmis—tesl in hulk 
Hied of other 
causes 
nil 

Sit It 

nil 


20 

20 

20 

20 

20 


1); P 
22 

■U 

15 

16 
15 
17 
17 
17 
17 
17 
23 

23 

23 


J I do. 

1 do. 

3 1 30-0 C.C. 

Vaccine prepared wUh line W wirus—Ust in 

1 I 3*0 c.c. 

2 do. 

3 I 300 C.C. 


nil 

do. 

do. 


hulls 


20 

20 

20 


at IWS%Lt taporatarc .oaclion ; l>=f acaouk ; lT'^'ar,.kpH,arl„i,ilto 


Sit. It; s 
I) 

I 

I , 

1>» other causiw 
Sit it; S 

J> 

1 


1 

Sit It; s 

I 

I 

I 

D 

1>; P. P 
I 

It;S 

r>. other cause 
I); P 

I 

Sit It; S 


•1>. Other eauaes 
do. 

I 


Sit It; S 
I 

, I ■ 


6 



104 


Tiiesc rcBiiits, conBideretl as a wliole, confirm, the findings of Bennett, except that higher doses 
are required for cumpleteiy satisfactory resuits in susceptible hill-cattle and goats, IS'o opportunity 
for field trials presented itself, but we are of the opinion that for general purposes the inetliod would 
prove, too expensive in goats, and by analogy possibly also in buffaloes although this species was not 
available for experiment. 

A furtlicr observation during the course of routine work was that line E or lino D virusf'.s, when 
inot-ulatcd directly into goats or sheep, gave rise to much milder reactions that when goat virus was 
us('d. In fact, in these animals it appeared that line D virus could be used as a vaccine. Thus, out 
of six goats aju! lour sheep inoculated directly with line D virus, all showed a. mild tlierma.i reaction 
and, except one, goat which died of other causes, all survived. Field trials arc to be arranged. 


Rabbit x^iRUS vaccine 

Edwards [i92'ij reported that rinderpest could be transmitted to rabbits, but unfortunately 
i'he sti'ain obtained by him died out before final conclusions could be drawn as to its vaccinating 
properties, 

in earlier years, [Hadduw (unpublished)] numerous unsuccessful attempts were made to confirm 
Edwards’ work, using line D and the fixed goat strain. Morcos [1931] tried to infect guinea-pigs, 
rabbits, white rats and dogs with rinderpest virus, by feeding or inoculation. No attempt was made 
to extend the scope of tin* experiments by transferring the virus from these animals into bovines. 
No hihoratory aiiiinal used by hii'n is reported to have contracted rinderpest. Inoue [1934] passaged 
a, hiboratoiy strain of bovine rinderpest virus to rabbits up to the 50th generation. Nakamura, 
Wagatuma anil Eukusho [1938] carried out extensive systematic studies on the effect of serial passage 
of riinlerpest virus in rabbits. They concluded that the virus was reduced in virulence for cattle, 
and aftei' the 100th passage test calves often survived after developing more or less distinct symptoms. 


6 Vaccimtim Against Minderpest 

When a iiewly-isolnted epideiiiic strain became available to ns, fresb eJTorts were made to pa.ssage 
it in rabbits. In two attempts success was immediately achieved. Transmission was started by 
inoculating 5 c.c. blood subcutaneously and intra-venously to two pairs of rablnts. Tiie pair ino - 
culated intravenously gave the most marked reaction. Three cubic centimetres of f)ooloxl blood 
from all four raijbits was snbinoculated subcutaneously into a pair of rablnts. Subsotjuont passages 
wore carried out with poolorl b](.)od subcutaneously into two rabbits. As vvdth previous suee.i.'ssfu) 
attempts, the only .symptom in tlic rabbit was a rise of temperature on third or fourth day, wliich 
was not vciy marked in i.lui lirst lew passages but later was always distinct (Fig. 1), The temperature, 
fell a.rter two to four days and the rabbits invariably recovered. As the work progressed, it was 
discovered that rabbits four or live months old are much the best matmial for passage, edder .mbbits 
giving vfiriable reactions. The virus may persist in the blood for fourteen days and in the s])leen 
for twelve days, though the virus is not present in large quantity. Simultaneously wo repoatetl the 
experiments with lines D and W, but with entirely negative results. We are therefore of the t)pinion 
that, if transmission to ral)bits is to be successful, it is essential to use a, fully virulent strain. 

The results of tests on bulls, goats and buflaloes are recorded in Table VI. 

Table VI 


Vaccination of huUs, (foals and buffaloes with rabbit virm 


No. of passage and material 

Time of collection 
material and period 
of .storage 

Dose 

Animal and 
Number 

Keaction to 
first inoculation 

Immunity test 
result 

:i 

.‘fj 

Mi,xe(,l 

-blood 

Fresh 

22 days 

18 days 

14 days 

1 1 c.e. 
[-lc.e. 

1 bull 

1 bull 

llj I) 

nil 

Naturally immune 

3 

blood 

Frc.sh, 

bled days 3 & 4 rosp. 

1 c.e. 

2 bulls 

E;.D 


4, 5 

blood 

mixed 

Fri!.sb, 

bled day 32 & 28 
reap. 

2 t‘.p. 

2 bulls 

nil 

, Rj D 

8 

Spleen 

fresh Sth day 

1 c.c. 

1 : 100 

bull 

li; S. 

I 




do. 

bull 

Rj D 


30 

spleen 

fresh Sth day 

do. 

bull 

Bj D 


40 

epleeu 

fresh 0th day 

do. 

bull 

SltR. 

I 

00 

do. 

do. 

20 c.c. 

1 : 100 

bull 

R; L) 


00 

do. 

0th clay .spleen stored 

9 days in refrigera- 
tor 

do. 

bull 

nil 

R; I) 

.05 

do. 

fresh 0th day 

li'm 

bull 

Sit R. 

I .. 



do. 

do. . ' 

bull 

do. 

(Destroyed) 


CO 

spleen 

fresh fith day 

5 C.O. 

1 : 100 

2 hulls 

-,BltR. , 

1 ' I 

10 

do 

do. 

6 0.0. 

1 : 100 

buU 

do. spleen 
taken 

Sth day 
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Table Y1 -^conkl 
VtiGCWXni'ion of haUs, gouti^ mid huffuloen witJi fuhhtt vifUft 


. of passage and material ii 

Kme of eollftction of 
laterial and period of 
storage 

Dose 

Animal and R< 

Number first 

70 spleen 

fresh 5th day 

5 c.c. 

goat tak( 

70 

do. 1 

do. 

1 ; 109 

goat 

BuU : 

1 spleen 1 

9th day spleen 
stored 4 days in re- 
frigerator 

1 c.c. 

1 : 10 

calf 

,, Bull 

T spleen 1 

Stores 4 days in re- 
frigerator 

1 c.c. 

1:10 

calf 

lA 

do. 

stored 13 day.s 

10 c.c. 

1 :10 

bull 

Ii 

do. 

do. 

1 c.c. 

1 :10 

5 goats 

80 Spleen 

fresh 5th day 

1 c.c. 

1 :10 

3 calves 

80 

do. 

do. 

1 c.c. 

1 : 100 

3 calves 

80 

do. 

do. 

1 c.c. 

1 ; 1000 

3 calves 

84 

do. 

do. 

1 C.C. 

1 : 10 

2 goats 

84 

do. ! 

do. 

1 c.c. 

1 ; 100 

2 goats 

84 

do. 

do. 

1 c.c. 

1 : 1000 

2 goats 

8S 

do. 

do. 

1 c.c. 

1 :500 

5 calves 

90, 92 

do. 

do. 

1 e.e. 

1 : 100 

3 bulls 

90, 92 

do. 

do. 

1 c.c. 
1:10 

2 kids 

90, 92 

do. 

do. 

1 c.c. 

1 : 100 

2 kids 

90, 92 

do. 

do. 

1 c.c. 

1 : 1000 

2 kids 

m 

do. 

do. 

1 c.c. 

1 : 500 

calf 

102 

do. 

do. 

1 C.C. 

1:500 

2 calves 

105 

do. 

do. 

do. 

3 calves 

115 

do. 

do. 

do. 

2 calves 

115 

do. 

fresh 7th day 

do. 

2 calves 


9 th clav 
do. 


do. 

do. 

do. 

nil 

Sit R. 
do. 
do. 
do. 
do, 
nil 

Sit R. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 


Iniiiumity test 
result 


Died before test 

■■ I :■ 

I 

tested after 9 luontha 

. ■„ I . 


I. Tested after 6 
months 

i. I. 

2. 1. Tested after 0 
months 

I"' 


1 . 1 . 

i.P. 

I . 
R 

I. 

'• I 

I 

I 

T 

I 

• I 

I 

I 

I 


8 . Vacci/mtion Against Uindeffest 

Table VI— 


VaGcinntion of hulls goats and buffaloes with rabbit rirus 


Mo. of pausago and material 

Time of <!onection of 
material and period 
of .storage 

Dose 

Animal and 
Nninber 

Reaction to 
finst inoculatioi 

Imiti unity test 

1 res nil, 

115 

sploon 

freah 12fch day 

1 c.c. 
1:500 

2 calves 

nil 

E 

ih") 

do- 

fceali 15th day 

do. 

2 calves 

do. 

' do 

122 

do. 

fresh 12th clay 

1 c.e. 

1 ; 10 

2 (‘alves 

Sit B. 

'I 

126* do. 

fi'e.sh 5th day 

1 e.e. 

1 : JUO 

11 buffaloes 
(in milk) & 

10 goats 

do. 

,I ■ 

139 

do. 

fre.«ih 7th day 

1 e.c. 

1 ; 500 

2 calves 

do. 

awaiting tests 

154 

do. 

fresh fith day 

1 e.e, 

1 : 20 

2 calves 

do. 

1 ' ■■ 

154 

do. 

do. 

I c.c. 

1 : 200 

1 calf 

do. 

Piroplasmosis nrobab- 
ly 1. 

154 

do. 

do. 

1 c.c. 

1 : 1000 

1 calf 

do. 

I 

154 

do. 

do. 

1 e.c, 

1 : 2000 

1 calf 

nil 

B 

161 

Sent) in live rabhit 
for liold trial 






17-t 

Liver & spleen 

1 fresh fith day 

1 C.C. 
1:20 

i c.alf 

mil . 

I 

174 

do. 

do. 

1 c.c. 

1 : 200 

1 calf 

j .do. 

R 

171 

do. 

do. 

1 c.c. 

1 ; 2000 

1 <alf 

do. 

B, 

174 

do. 

stored 5 day.<? in 
refrigerator 

1 c.c. 

1 ; 20 

1 calf 

do. 

do. 

174 

do. 

do. 

1 c.c. 

1 :200 

1 <>alf 

do. 

do. 

174 

do. 

do. 

1 c.c. 

1 : 2000 

1 calf 

do. 

do. 

174 

do. 

Stored 10 days in re- 
frigerator 

I c.c. 

1 ;20 

1 calf 

do. 

do. 


do. 

do. 

1 c.c. 

1 : 200 

1 calf 

do. 

do. 

174 

170 

do. 

Sent in live rabbit 
for field trial. 

do. 

1 c.c. 

1 : 2000 

1 calf 

do. 

do. 


* 'IViiil at Military Ji’arm. 
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It will be seen Irom, TaJjle VI that the virus transmitted through rabbits remained vinilent for 
bulls up to about the 50th, passage, in which from the 55th passage onwards there was a defi- 
nite and gra-dual decrease in virulence. None of the bulls inoculated after the 55tli passage showed 
any symptom other tlian rise of temperature, usually rather later than norniai, (Fig. 2) and this type 
ol’ T'eactiou was ol)tained as far as the 154-th passage, after which reactions were uncertain though 
they remaimal typical in rabbits. It will also be observed that the virus does not stand stoi-age well, 
even at refrigera,to].“ teinpera,tur*cs ; reliable results could not be obtained from the fifth day onwards 
and in this rospecjt rabljit virus is inucli more fragile than goat fixed virus. The avenige virus conte.!it 
of rabluts would also appear to be much lower ; hence less dilute suspensions must be used. The 
results in goats were similar to tho.se obtained in bulls. 

Chart 2 


Degrees 

fahrenheit 


Hill Bull Passage 60 



Days 

Fici.2. Hahhii passa^/e GO. 

In buffaloes, three fiolil trials were arranged in co-operation with the Military Farms. 

(i) At the first of these, one of us (J. A, I.) inocidated eleven milch buffaloes niid ten goats with 

rabbit virus from passage 126, the amount used being 1*0 c.c. of 1 : 100 susfavnsion of rabbit spleen. 
The virus was taken to the place of inoculation in live rabbits. These buffaloc^s and goats showed 
slight reaction to the vaccination and all were immune on test 21 days later. There was no inter- 
ierence with the buffaloe's milk yield. * 

(ii) The second t(wt was carried out by the Indian Military Veterinary Laboratory. From passage 
Itll a, IV.w serial j)assages wei-e (iontimied at that laboratory and altogether 469 buffaloes were inocu- 
lated. Idle dose given was 1 c.c. of a 1 : 100 spleen suspension wliicb was used on the day of pre- 
paration. Idle temperature and milk yield of sixty animals were recorded for fourteen days after 
vaccination. No systemic disturbance was observed and milk yields were unaffected. Sixteen of 
these buffaloes chosen at random were tested 1- — 24 months after vaccination, eight had no reuction, 


10 Vaccination Against Eindcrpest 
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six sliowecl a more or less severe reaction and recovered, while two died of acute rinderp(-‘st. As 
some of these hiifi'aloes were probaldy immune before vaccination, it aj)pe;ii’s iha.t' al. best sm'c.cssl'ul 
‘ takes ’ occurred in Old y a small percentage. 

(iii) Owing to the liot weatlier, the temperature reactions in rabbits at ihe Military \h‘lr‘rina.ry 
Laboratory were difficult to define, and it was therefore decided to repeat the trial with !‘!'<‘..sh inaituhil 
from Mukteswar and to use stronger suspensions of both liver and spleen. Accordingly, thf‘: '!7dtli 
passage in rahhits was sent in live rabbits, and was passaged once oidy a.t the La.b()ra,lory, 
Material from this passage was inoculated into ; 

Oroup 1.—- 40 buffaloes at rate of 1 c.c. 1 : 100 liver suspension 

Group 2. — 40 buffaloes at rate of 1 o.c. 1 : 10 liver suspension 

Group 3.— 40 buffaloes at rate of 1 c.c. 1; 100 spleen suspension 

Group 4. — 40 buffaloes at rate of 1 c.c. 1: 10 spleen suspension 

The reaction in five animals of each group w^ere recorded in detail Imt iinfoi't.unat(dy owing to 
an outbreak of what is believed to be' buffalo-pox, the records of all but group 2 were vitiate<L in 
group 3, three animals showed an indefinito tempernturo reaction and diudnution in ndlk yield. 
Thirtyfive days later, three animals were chosen at random from each group and te.st.ed with virulent 
virus. Tlie only reactions were that one animal in group j a, ml om* in group 4 had seviu'o r^auitions 
and recovered, one animal in group 2 and one in group 4 liad very slight te.mp{?ratuj‘(i reactions. Un- 
fortunately, experiments at Mukteswar, concurrent with the thinl trial, iudicate.d that the, virus had 
by this time lost most of its invasive power for highly susceptible cattle. 

Further work on rabbit passaging is now in hand, with the object of seeing {a) wlietliivr passages 
between the 60th and lOOth will regularly give a satisfactory vaccine for buffaloes, (/;) whether t.he 
attenuated rabbit virus can bo transfiu'red to liill bulls and maiiitaiiK'd in them. 

. SUMM-ARY . 

L Results are record(‘.(l of a small-scale experiment with virus adsorbed on alumina-gels. 

2. Keaults of e.xpt'rimeids on glyce.rolized vaccine are recorded. The findings of pnwdons workers 
on the value oI’kucJi vaccines are confirnuul but to obtain entirely ridiable results it is necessary to 
increase the dosage ami re<luced the period of storage uiKler glycerol. Tdic inctliod is somewhat 
expensive. 

3. Successful attempts wei-o made to fix rinderpest virus in rabbits. For this purposi\, it is 
necessary to use a strain of high virnlcnce for cattle. The virus becomes progressively attenuated in 
rabbits, until it loses all or nearly all its invasive power for hulffiloes and cattle. At iid.ermediale 
stages the virus appears to constitute a suitable vaccine, but the exact sta.g(‘. ami method of main- 
tenanoe are not, yet defined. 'Phe virus in rabbit tissue is not present in hu‘gt‘, cpiantit.y a, ml ca,mutt 
be stored for long outside the animal body. It can, however, be readily fransporital in the living 
rabbit to areas within a range of seven days. 
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SOME OBSERVATIONS ON THE IMMUNIZATION OF SHEER AND GOATS 

AGAINST RINDERPEST 

By H. K. LalLj B, Sc., M.R.C.V.S., Government Livestock Farm, Hissar 
(Eeceived for publication on 4 July 1946) 

/jUTBEEAKtS of riiideri)est have been observed in sheep and goats from time to tiiiiciu various 
^^parts of India by Bawa [1940], Chowdhry [1941] and various other workers (personal commimica- 
tioii). A rise in the incidence of the disease in these animals occmred during recent years. It wys 
considered that that was due to an increase in the animal traffic to various battle fronts in and outside 
India. Ten outbreaks were recorded in the year 1943-44 in Ambala Division of the Punjal) alone, 
causing very heavy mortality. Cattle were not affected in these outbreaks. It became apparent 
that some defiiiite steps were required to devise methods of inmiimization. Anti-rinderpest scrum 
has been tried by various field workers, with varying results in affected animals but it did not prove 
very effective in controlling the outbreak at Hissar. Bawa \ihid] reported that in goats the use of 
anti-serum alone was not very satisfactory, specially because of the short duration of immunity. 
In sheep, however, Bawa [1939] reported that the use of goatis was a success as a prophylactic 'against 
rinderpest. Srikantiah [1934] and Viswanathan [1937] have mentioned the use of anti-rinderpest 
sf'rum in sheep as an essential adjunct to goatis to avoid severe reaction, but Viswanathan reports 
3-6 per cent mortality from vaccination, in spite of the serum. These authors do not mention the 
breed of sheep used in their experiments. Gopal Singh (personal communication) tried goatis on 
sheep and goats as a prophylanis in face of outbreaks of rinderpest in Gurgoan district. With a 
view to produce immunity against rinderpest, some experiments were conducted at Hissar and the 
following observations were made. 

In this note the term ‘ goatis ’ has been used for goat tissue vaccine ; a mild reaction was 
cletermined by the fact that the. animal had only a thermal reaction but normal in its behaviouiy 
and feeding and a severe one, by high temperature, loss of appetite, dullness, sluggish movement, 
congested mucous membranes conjunctivitis, etc. A thermal reaction means a rise in Gic temperature 
as compared to the normal temperature under similar conditions. 

(A) Goats 

It is well known that the goats used for the production of goatis si lovv severe KNxetion on in- 
oculation of the goat virus. It is also believed that if they are allowed to live, they succumb to the 
disease, or, in cases of recovery, they remain emaciated [Saunders, 1936]. A series of <?.xperimeuts 
were performed to produce immunity in sheep and goats by use of goatis alone or its following 
modifications, 

(1) serum and goatis mixed for half an hour, 

(2) goatis followed by a dose of serum 24 hours later, 

(3) goatis immediately followed by serum. 

The goatis in all the experiments was obtained from the Punjali Veterinary College, per messenger 
and efforts were alwitys made to use it immediately after its receipt. In any case it was kept in 
i(;c till required for use. The number of the virus {i.e. the number of the goat at the Punjab Veterinary 
C.'ollege, from which the goat virus was procured) and the date of arrival and despatch were noted in 
ail tlu'. (ixperiments. The serum used was the ‘ordinary’ serum obtained from the Imperial Veterinary 
Research Institute. 

Experiment No. 1 

liatch No. of the virus 167 

Date of preparation of the virus . . . . . . . 28 October, 1944 

I)ato of experiment . ... . . . . 1 Novemtor, 1944 
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Immunkation of SJieep and Goats Against Rinderpest 

Five gojiia of iFo .Beta! i)roo(l and five hill goats were employed in this exjxaifiK'-nt and the various 
observations made are tabulated in Table L 

Table I 

Reaction of tjoal is alone, mixed 'unlli serum and followed htj serum on Heial and- Hill goals 


Noh. of goals 


62,75 . 


Vaccine used 


floatis alone 0-01 gai. 
do. e-Ol gm. 

O-Ol gm. gofbliis and 5 e.c. 
of scniin mixed for half 
an hour a,nd then injec^ 
ted 

do. . . . 

do. . 

Goaliy followaal 1»y 20 c.c. 
of K('rmu this next tlay 


Type of reaction 


Mild 

do. 

Nq reaction 


Delayed and doubtful 
Mild and delayed reaction 
(doubtful). This doubt 
was cleared by the next 
experiment 
No i'oaction 


Day of reaction 


.5th day . 
Sth dajf 


7th day 
do. 


duration of 
n'aetioo 


-1- diiys 
4 days 


Tlu' dav' of reaction 
do. 


W. d. — B and H denote Be tal and Hill goats respectively. * 

It was ol)serve(l that the goatis l)y itseli' produced ratlu'v a milil reaction. The r{'s\dts at, tivst 
sight secuncul to l)e oucouraging but rather suspicious bec.{i,use of the usual sev('i'c r<‘ii<‘tion obtaiiu'd 
by injection of goatis. The suspicion was eventually coiifirnied a,s il. was Ibiiml that t.lu' rofrigerator 
storing tlie goatis had broken down for a day and that ])robal)ly the virus tlius suHei-ed atienuatioii. 
This observation suggested the use of attenuated goatis as a vac.cine for tlic. goals, but it could not 
be given a trial. Serum and goatis mixed together and kept for ludf an hour at room temperature^ 
any definite rciiction. The reaction prodiiced by inoculation of goatis followed by 
'ater was mild in Botals and nil ’in liill goats. All the animals D'taiiicd their normal 
appetite during the experiment. 

ExperimvAil No. 2 

Batch No. of the viruK 177 

Date of preparation of virus . . ... . .20 October, lO-M 

Date of experimeut . . . . ... . . 21 November, 111 M 

As the goati.s had inadviu'tently ha<l I»een attenuated in f lu'. first e.xp^'rime.nt, anotluM' batch of 
including the five from tlu^ first experiment, wa,s given goatis to observt' under local (smdi- 
effect of normal goatis. The effect of the nijcction of blood virus which wa,s a,dnunistered 
animals, was also noted. The latter was given only for the purpusi' of comparison, The 
are tabulated in’ Table JL 

Table I t 

Rear, flans af p re nlondg meeinalcd goals to goatis and of goals hvjedid with blood virns 


Type of reaction 


do. . . 

do. . . 

Severe- reaction 


Da.y of 
rea(4ioii 


4th day . 
.5th day . 


Duration of 
n’.aetioii 


;{ day'H. Death 
on 4th day 
S cbiy.s, died 


Goafis produced a v'ejy severe reaction in all the goats except Nos. 950, 8'.t and lOd which Jiatl reacted 
niildly in the previous experiment. Two goats (Nos. 49, 998) which, were inoculated with iiiixed 
serum and goatis in the previous experiment exhibited a severe reaction thirs indicating tliat serum 
and goatis mixed had no immunizing value. Goat Nos. 603 and 998 died siiowing lesions of rinder- 
pest. It appears JVoni these observations that goatis need not necessarily cause inortality in al! the 
injected goats and that it produces a different type of reaction in individual animals. Blood virus 
<lid not produce a reaction in any way different from that produced by goatis. 

Four animals reacted on the fourth day, three on the fifth day and one {No. 9) with<jut having 
a.ny thermal reaction remained very dull for a considerable period, thus proving tJiat the tem])crature 
was iiot the only criterion of the severity of the reaction. From this experiment it i^ecaimi clear 
that '■ 

(i) Goatis by itself was of no use because of the severe reaction produced by it, and 

(ii) serum and goatis mixed were also useless as their inoculation failed to produce any reactioji. 

Exjjerlwcnt No. S 

Bfitcii No. of the virus . 190 

.Date of preparation of virua . . . . . . . 8 December, 1944 

Date of cxperiinejit . . . . . . . - .9 December 1944 

Thus, in order to com])are tlu' l•cactions of goatis and serum injected at the sumo time, and goaiis 
followed by sc'rum 24 hours (ate.r another five animals (78, 91, 70, 73 and 100) were injected with 
0-01 ghn goatis in 1 e.c. of saline followed l)y 5 c.c. of anti -rinderpest serum, lialf an hour later, four 
(16, 882, 808, 95) were imjculated with goatis followed by serum the next day and one goat (ISlo. 8.59) 
was kept as a control (goatis alone). The results are tabulated in Table III. 

Table III 


Reaction of Bet al goats to goatis foUoived by senmi im/medkilely and 21 hoars later 


Nos. of goats 

Vaccine used 

Type of reaction 

1 Day of reaction , 

Duration of 
reaction 

S59 

Goatis 

No thornial reaction othez’- 
wise very dull 



17 . . , 

Goatis folhnved by 20 e.e. of 
serum next (lay 

Very .severe 

5th day . . 

5 diiys, aborted on 
()th day 

S82 

do. 

Faii’ly severe . . 

4th day , . g 

4 days 

S(>8 

do. 

do 

do. . 

5 days - 

. . 

do. 

Mild .... 

3rd day . 

do. 

100 and 78 . . 

Goatis foliou'c.d by 5 c.c. of 
serum 30 minutes later 

No reaction (No. 100 got 8 i 
c.c.) 


70 

do. 

Severe . 

5th d.'iy . . . 

5 days 

91 

do. . 

Mild . . . . ! 

4th dav . 

3 days 

7S . 

do. . 

do. . ■ . . . j 

do. ■ , 

2 days ' 


The control as well as the four goats which got the serum 24 hours after the injection of virus 
r<'a,(‘ted sever('ly. Four out of five injected with goatis and virus at the sauu? time liad a milfl rca,c- 
tion a.nd no los.s of appetite wais noticed in them. No. 17 aborted, 'while goat No. 85!) was fairly 
dull without having any thermal reaction. The observations further jvve.al I hat sei'um and goatis 
given at the same time produce a mild reaction in Betal goats and in virtue of this some inmiunitv 
is likely to be produced. 

Expcriiiienl No. 4 

Batch No. of tlK^ virus . . , . . . . , . 233 

Date, of [>rcparatiou of virus . . . . , . .13 January, .li}4.5 

Date of experiment , . . . . . « • .8 January, 1945 


I iJ.^W/P/t'OO Xht/'Hi.hd'/'pCjb'f/ 


Eight <ksi (ooTintr}-) goats were inoculated to see if the results would be tli,e same a s tJiat obtained 
ill Betai and hill goats. Goat Nos. 1, 2 and 3 were injected with goatis followed by 5 c.o. of serum ; 
goat Nos. 4, f) and 6 got goatis followed by 7 c.o. of serum, while goat Nos. 7 and 8 w(M:e kept as 
controls. Tlie following observations were made (Table IV), 

TiUmE IV 


l(m.(Mon of mccinalion in nondescript viUmfc tfoais 


JSIos. of goats 

Age and sox 

Day roaetion 

DinMl.iou of reaction 

xNo. 1 

6 teeth F 

3rd day 

iO days 

No. 3 

OldF 

No reaction 


No. 3 

„ F 

5th day 

4 days 

. No. 4 ^ 

4 teeth F 

3i’d\la.y 

1 5 days 

No, 5 

4 teeth F 

dud day 

3 days 

.:No. 6 

4 teeth F 

2nd day 

10 da.ys 





No. 7 

2 teeth F 

t '^‘’6 ‘lay 

7 days 

No. 8 

4 toetli F 

do 

15 d ays 


Goat No. 4 died on the 6th day with clots of blood in its abdominal cavity resulting from a rupture 
of the liver. The oral ca.vity ami the digestive tract were normal ; a few patclies of consolidatiou 
were seen in the right lung. The rupture of the liver was presumably tlie cause of doatli and us 
tiie goat was seen lighting wit.h otliers on variou.s oeca.sions, it is coiisideiv.d that tlu^ rupture, was due 
to uiechanical injury. Goat No. 6 also died ami on jiosfc mortem cxamiuatiou gastro-imteritis and 
pneumonia of the left lung wore oltscrved. (n this as well as in previous oxjKU'imonts it was iiotiei'd 
tliat the animals usindly feel ilull from the sixth to tlie eighth day after being iiijocLod (or even later), 
i.o., about 2 or 3 days after the reaction. In this group of animals, no variation in the reaction was 
observed althoiigii the dose of the se,rum was varied, but probably not suflieiontly : 

Four animals reaetcal on the third day 
Two animals reacted on the second day and 
Olio rcjictcd on the- fifth day. 

From the diiiai-ion of t4ie reaidfon, it would seem tliat these aniiiuila were more susc.eptible Ilian 
the Ih'itals, but it was observeil that they were feeding normally and were, quite active in spite of 
the. fever. If the rise in temperature, was not taken into accounlg no abnormality would be noticed. 
The controls, however, wliere, no serum was given, were dull ami would stand against tlie wall witli 
arclicd back in a very typii’-al posture. It tlius follows that the serum-goatis method of imnnmijca- 
tion can bo used successfully in dcsi nondescript goats. The fact that the aged animals roaet^ed 
in a similar manner to the young ones indicates that no appreciable amount of immunity is eonferrod 
with age. 

Exjperme.nt No. 5 

The batch No. of f/ho virus . , . . . . , , No. 

Date of preparatiou 9 March, 1045 

Date of exyoriment 13 March, 1945 

To find out the variation in the susceptibility of hill goats and Betals, live Betals (Nos. 31, 111, 
102, 879, 43) and nine hill goats (Nos. 88, 80, 79, 87, 82, 83, 81, 86, 84) were immimiijed by the goatis 
and serum method. The results are tabulated in Table V. 


Table V 


Reaction in Hill and Betal gouts, showing the variation in smcepiihiiily 



Nos. of goats 


Mode of virus administration 


Day of reaction 

Duration of i'eaetion 

B 102 




Goatis followed by 5 e.e. of 
serum 

3rd day 



5 clays 

B n 




do. . . 

do. 



3 days 

B in 




do. .... 

do. 



2 days 

B 879 




do. . . . 

do. 



8 days 

;B 43 




Goatis followed by 8 c.c. of 
serum 

4th day 



1 day 

II 8S 




Goatis followed by 3 c.c. of 
serum Ifi — 30 minutes later 

2nd clay 



5 days 

H 87 




do. . 

3rd day 



do. 

n 83 




do. . 

do. 



do. 

H 84 




do. .... 

do. 


• 

do. 

il 8B 




Goatis followed by 8 c.c. of 
serum 

2nd day 



4 days 

H 80 




Goatis alone .... 

3rd day 



7 day,s 

H 79 




do. .... 

do. 



9 days 

H 82 




do. .... 

do. 



7 days 

H 81 


* 


do. .... 

do. 



9 days 


It was observed that the reaction in hill goats lasted longer than in the Betals, bnt these goats being 
more active by nature, did not exhibit any thermal sign of dullness, even when they had 2 :)yrexia. In 
the group of hill goats in which no serum was administered, no death occurred, but degree of pyrexia, 
duration of reaction and dullness were more marked. In case of Betal hTo, 43, which got 8 c.c. of 
serum, it was interesting to observe that it reacted for a day only. This observation points towards 
assessing of proper dosage of serum to attenuate the goatis so as to produce a mild reaction. Tliese 
findings lead us to the conclusion that hill goats can also be immunized by serum-goatis method and 
are not as highly susceptible as the local hill goats. These animals had been born and bred at Hissar 
and whether that made any difference in their behaviour to goatis is difficult to decide, but the 
indications are that their susceptibility is reduced in plains as proved by the results of an experiment 
carried out at Kangra, which showed that these were more susceptible, though no strict comparison 
can be made because there the goats of other breeds like Betal, etc., were not employed in the experi- 
ment at the same time. Haddow in this connection [1939] has stated ‘ that liill goats like hill cattle 
are experimentally highly susceptible.’ Some healthy animals including some bo vines were left in 
direct contact with the immunized animals and were feeding and drinking from the same trougli, to see 
their potentiality for spreading the disease and it was observed that they did not spread the disease 
to in-contact animals of their own species or the bovines. Thus, in villages where segregation is not 
always possible, there would be no danger of spread of the disease from vaccinated to the 
unvaccinated ones, A similar observation has been recorded by Cornell et al [1941] in case of bovines, 
though DeCfosta [1937] has reported otherwise. 

Immunity test 

Htraiu of bull vims H.S. 217 . 218 E line 

Date of despatch . , . 19 March, 1 94.7 

Date of experiment . , , 23 March, 1945 

The bull virus of a virulent strain was obtained per messenger from Mnkteswar to test the im- 
munity of goats vaccinated with serum goatis. Four Betal goats (Nos. 100, 70, 91, 78) and four 
hill goats (Nos. 70, 137, 155, 75), along with three buffalo calves to act as controls, were injected with 
bull virus. The goats were given 1|- to 2 c.c. of bull virus per head while the buffalo calves were 
given 5 c.c. All the Betal goats which had given a mild or even a blocked reaction with .serum and 
goatis inoculation failed to react to bull virus, thus proving that the serum and goatis iuc^calatioii 
had conferred solid immunity. The hill goats (Nos, 76, 137, 75), which had l^een inoculated with 
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serum and goatis and had not reacted at the time of vaccination, reacted, to Imll virus, indicating 
that senini and goatis mixed did not produce any inimimity. Hill goat No. Ifio.Svhich had mildly 
K'acted on vaccination clid not evince anjc thermal reaction. It will thus lie ohso.rvcd that. the. .Betals 
and the hill goals behave in a similar favshion to inoculation of scrum a,ud goatis and. d<“velop a similtu' 
(legi‘(‘e, of immunity. Here it may he mentioned that the bull virus did not produce a. vmy severe 
r('ae.tion (only a thermal reaction), either in bovines or goats or ,sh<!e.j) at Hissar. d’lu.^ ol)S('.rva, lions 
ii\ thi.s connoction made olse.wliero (see section under sheep) also show that tin; bull virus ])roi!u(a's 
a, reaction mildou to that of goatis in sheep and goat. Nicolle a.mi Adillay [I'dOd j and VV'';dk(M- [1922] 
at.so noticed only thermal reaction in sheep on inoculation of bovine blood virus. 'Tlte r(;a,cti(m in 
the cattifi of His.sar l.>roed is also milder [Report of the Disease Investigation Ollieer, Punjab, i04-!-ir>] 
as compared to the reaction described from other parts of .India whicdi is probably due to the clitnaiic 
condition, s or the natiiral resistance of Hissar breed. 

The results are tabulated in Table VL 

Table VI 


The rcNidts of eommmdty test in goats vacmnaied wUh goatis alone and in vonjunction. nnth serum 


Nos. of Goat 

Breed 

Date of 
imraunization 

Typo of reaction 
at the time of 
immunization 

Date of bull virus 
injection 

Results 

lOD 

.Betal . 

9 December, 1944 ; 
goatis , serum 

Blocked reaction , 

23 March, 1945 . 

No reaction 

78 

do. . 

do. 

do, . 

do. 

do. 

91, 1 

do. . . 

do. 

Mild . . . 

do. , 

do. 

70 

do. . . . j 

do. . 

Severe . 

do. 

do. 

'■ 70 

Hilt . 

24 November, 

1944 ; Goatis 
serum 

.Doubtful . . j 

do. 

Positive reaction 

■ 017' 

do. . , 

do. 

do, . 

do. 

do. 

' 1.55 ■ 

do. . 

24 November, 

1944 ; go.ati.s 
alone 

Mild , 

do. 

No reaction 

„ ' ■ . 75 

do. . 

24 November, 

1944 ; goatis 
followed by 
serum 24 liouns 

No reaction , 

do. 

Positive reaction 

,3 

'Buffalo calves (eon. 
trols) 




'Positive reaction 
piwo died of 
rhiderpest) 

1 


Field trial 


Rinderpo.st was ]).rovalcnt in the .Kangra and Kulu valleys of the Pimjal). which are areas of 
lugli rainfall and co<.)] climate, l^ecaiise of the high altitude. Therc^ a stock of GOO Himalayan Gaddi 
goats was immunised by the serum -goatis method, 0-01 gm. of goatis and lo e.c. s('rum ; a lew of the 
goats were not inocudated so tiiat tliey miglit serve as controls. It wa.s possible to k(H‘{) regular 
temperature cliarte in tlie cas(' of 10 animals only eight vaccinated ami two controls. Tlu.^ <.*ontrols 
died of the disease while the vaccinated ones survived the ouibn'ak, tliu.s eonlii'ming the results 
obtained at Hissar farm, namely that a combiuatioii of serum ami goa,tis can be sa,(ely (mi])loyed to 
produe’e immunity in goats against rinderpest. . 

(B) Sheep 

The e.xperiment,s ca,n‘ied out on goats were repeated on Lolii, Tfissari, Merino- Bikancri cro.sse.s 
Bikancri and desi sheep at th(i same time. Some variations in the rea,etion we.re observc.al in the 
different breeds. Goatis )jy itself was used as the immiinizing agent in all breeds except tin'. Luhi^ 
in wdiich because of the great susceptibility of sheep of tliat breed serum W'as used with the goatis^ 



Ko. of animals 


Duration of reaction 


3 • . • • • • . . • . . . One day 

4 - . . . . . . . . . Two days 

4 . . Three days 

4 , , . . . . . » . . . 'Four days 


Lohi. I’licsc seem to be more susceptible as they showed a severe reaction. They were duH 
iin<,l oil' food and seven of them had severe diarrhoea. Five of these were given serum and two left 
as controls, but all recovered at the same time, indicating that serum, given, after the reaction had 
HOt in, was not of much use. - 

It may be mentioned here that the degree of dullness and partial loss of appetite did not, in 
TTiany cases, correspond with, the diiration of the thermal reaction. This observation is similar to 
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E.xperment No. 1 

Three. Lohi (l97, 513, 712), five Hisaari (149, 888, 893, 700, 915) and five Bikam 
592, 691, 615) sheep were inoculated with 0-01 gm. of goatis ; while two Loliis (No. 6< 
given a dose of scriiin along with goatis as a precautionary measure. The reaction in 
for the two which received serum and goatis mixture, was more marked than the one observed in 
other two breeds. In the Hissari sheep the reaction was milder than that of the Bikaiicri ;ind Lohi, 
four out of five animals reacted. Among the Bikaneri sheep the reaction w'as no different in those 
that got serum than in the others that did not get it. As the viims was attenuated, due to break- 
down of the refrigerator, no definite conclusion could be arrived at. Most of the animals reacted 
on the sixth day and the reaction lasted for three or four days ; in twm animals it continued for about 
a week. 


Experimmt No. 2 

As the goatis had been attenuated in the first experiment, six Bikaneri, two Lohi and two Hissari 
were given fresh goatis to observe the difference in the breed reaction if any. All the animals reacted 
on the fifth or sixth day. In all the animals the reaction subsided in a few days except in one in which 
it lasted for more than a week. None of these animals was dull. This showed that goatis could 
be used in these breeds as immunizing agents without any fear of severe reaction. 


Experiment No. 3 

Fifteen animals of Hissari, Lolii and Bikaneri breeds were inoculated with goatis to confirm the 
findings of the above experiment. 

Hissari. Of these, eight reacted while seven (46’6 per cent) did not. The reaction was observed 
on the fourth day. In three animals the reaction lasted for one day (the day of reaction onty), in 
three for two days and in two for more than three days. The duration of the reaction cannot he 
definitely stated, as the temperature w’-as not taken up to the termination of the period because the 
animals w'ere feeding normally. Only one was seen slightly dull. 

One of the non-reactors (808), when being transported from the experimental yard to its pen, 
suddenly died on the way, On autopsy haemorrhages in the duodenum, ulcers in the intestine and 
an inflamed ileum were discovered. Parasitic nodules were also found in the intestine. On opening 
the buccal cavity, it was noticed that a clump of green bersaeem Avhich the animal had been chewing 
before commencing its journey was acting as an obstruction in the larynx ; this probably led to 
aysphxia. The presence of enteritis and ulceration typical of rinderpest is rather interesting, because 
the animal was a non-reactor. It suggested that probably other animals had the disease but were 
naturally so resistant that they did not die or show any thermal reaction. This accident revealerl 
something as to what was hai)pemng inside the body of the sheep, 

Bikaneri. All the 15 animals reacted; 11 on the third day and four on the fourth day. but 
they retained their appetite. 


DnEs*w *11® *®™»>/«action kated for a day but tbcy i-e- 
roaction when the ‘7“ W‘’ *'>“ ttoi'mal 

in better e„nrtitiou with staring then^wiih Lu feS| '"'P' 

■Experlmcni, No, 4 

of tfie <iiirerent |.>re,od. 

with goatis. Lohi lambs were also inchide^hi^tr*^^^^^ 

that of the adults Foi nf In ^ t tlndr susce)>tibilitv vvlti. 

alone. comparison, five of these were given serum goatis and five‘'goafci!! 

Hisbcii i. la this lot one animal did not react. 

•Five animals reacted on the third day " 

1 wo ammals reacted on the fourth day. 

One anpai reacted on the second day, and 

KonT nr ““ *‘‘® *■"•■ ““ “ft® moenlation. 

the fact to trLlSdifnrtdS^^^ r®' , '«>« 

reaction was longer in this batch th«Ti fn ft ^ reaction and a day after. The duration of tlu' 
in the abomasum, enteritis pneumo^of the futf •®™“i “"m ii I'l'eraonhagos 

thei^::Sj“ longer duration of the 

One amaial reacted on the first day ' 

1 wo animals reacted on the second day. and 

Seven ammals reacted on the third dayl 

and goZi°)tte..«^?l“^^ ^ goatis while the other group of five got 15 c.c. serum 

ly. Most of the animals reacted on th^^®ooond *k ” Biktoens and Xfissaris as observed previous- 
In tire animals which got se™ the itacirn 1 5 ‘'l? "^k. 

them on the tWrd da/and lasted for more th^a 3 "'' ’ ’* *“ 

severely, demonstratint^tHf wiiliout showing any lesions of rinderpest. Tlie others reacted 

given m not “em tSf "”'® f—f' ““ *'“" ““ft' ^ho dose of serum 

in young Iambs. of the reaction, thus .shorving that a higher dose was reqSZ 

were quite .active and®M n™many“XeXd®wh!!oH ‘"l® °-**®*’® i'=*«ti'.>n they 

not react, while the remainder reacted nn +1ip ^ showing any lesion of rinderpest. One did 

old ammals exhibited the same decree of reJrhCfc,!?;^’ ^ ^ ^ The 

IS conferred with age. ^ ‘^s the young ones thus indicating that no immunity 

44. ft wf . Field TRIAL 

observed that BianJTgheen Vere Kangra, it was also used in siioep. It w-m 

bred local sheep. Haddow (19391 nji ^ than the Gaddi and other mixed 

hinte,riand are not susceptiblf Of the SilfrKn^^^ liimulayan 

goatis alone. None diecl but the th^ ^vhi}e 44 were given 


H. K, tAj.h 


m 








“• 

Six reacted on the fourth day. 

One reacted on the fifth day, and 
One reacted on the sixth day. 

One animal on the two days, 

Two animals on the six days, and 

One animal on, the eight days. 

Rd-orr^Trip S-!h condition amongst the reactors, but otherwise the results were satis- 

Wtoms of haemoglobinuria. Blood smears were sent to the 

,1. unjab \ ttt,rinar.y College and piroplasma were found, but these could not be discovered in another 
smear sen. to Hissar. ii’pm the results of this field trial it can be confidently assumed that eoatis 
can safely be used m CTaddi as well as Biangi sheep for the purpose of produciuff active immunize- 

mStXt ^i^eep if a 4hVermaf reacti 

mortality, is to be a-^-oided, serum may be given m addition as in the case of goats. 

Immunity test in sheep 

.file mimurnty of the sheep which were imnimiised with goatis was te.sted with bull virus Seven 
Three 'i ^ris^and five Hissaris 

pe^lf^ent.” ™ automatically became controls in this el' 

^,1 reacted to goatis did not react to bull virus after 

an mtei-val of three months, ^ Nos. 661 and 621 which had been given serum and had reLted lildly 

nt*o4.T f r“? Occ sheep died of pneumonia. The controls with the excenfion 

f one had high thermal reaction but did not exhibit dullness or loss of appetite. The severity <5 the 

Table VII 

Resrdts of immunity test in Lohi Sheep 


Nos. of sheep 


1583 , 
497 . 
'‘/12 . 
513 . 


611 . 
548 . 


52-1 
o06 . 


Date of immunization 


24 November, 1 944 ; positive 
reaction 

do. .... 
30 October, 1044 . 

do. 

do. . . , . 

30 October, 1944 ; serum goatis 
given, no reaction 
do. . 


Control . 
do. . 


do. . 
do. . 
do, . 


Date of injection of bull virus 


23 March, 1945 

do. . 

do. . 
do. . 
do. . 
do. . 


No. reaction. 

do. 

do. 

do. 

do. 

Eise of temperature 
on the 4tb day 
Rise of temperature 
on the 3rd day 
Positive reaction 
Reaction 4th day— 7 
days 

3rd clay— 7 days 
jSIo reaction 
3rd day — <1; days 


^ Hm- Out of SIX animals only one reacted, thus proving that goatis confers immunitv fa 
iiioyt oi txie ainnials and i.s solid up to three months. The causes or the reasons for the breakdown 
o immiimfcy in goat h,_o. 893 are not clear. The two of the controls did not react to bull virus and 

considered to be resistant to rinderpest and as 
Hissari have Merino blood in them, resistance may partially, be attributed to it. The reaction in 

■ '0.2, 
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Hissaxis was milder witli bull, virus than with goatis and in this respect they reseiiibled the Lohis. 
The results are tabnhitod in Tabic VITL i 


Table VIII 


Eesnlis of mmimdtg Last in Hissari f^haep 


Ko,'.:, oft-ltccp 

1 Date of 

Dale ol‘ Ift.st 

I(e.su'lt. 

W6, 706, .149, 888 . , ; 

30 October, .1944 ; Positive re« 
action 

23rd Mtirell J.945 . , 

IS'o reaction 

893 ■ . 

do. . 

do. . . 

Jhrsitiv'e rcc.ei.io)! 

1:20 ..... 

24 iSioveinbor, 1944 ; positive re* 
action. 

do. . , . , 

i No reaction 

835 

Control. , 


4th day — 3 days 

834 

do. ... 


, No reaction ; it giivo 
j birth to a liealthy 
Iamb 

844 . . . ■ . 

do. ... . . 


3rd day — 3 days 

t)12 . . ... 

do. , . , . . 


No reaction 

076 ... . . 

do. 


3rd (lay — !> days 


Bikfuri'l. Out of ri uninialsj seven did not show a,uy reuetiot! to l)ull virus but i'oiii; did. {;t5 
pijf (icnt) thus Hhnwing that immunity pruduncul is of a, va,ria,ble nature. The re.ae.iion observed in 
four was ouittj mild. 'Fhe renchion in this irreed is mild iu ease of goatis as well as bull virus. 

All these eA’})(a:iiu.ents .r(W-cal tliat goatis atid bull virus do not produce severe reaetiou. in sliocj). 
with tl,ie exception of those, of the J^ohi bi'ced and tliat the.re arc variations in type of reaction in 
eacli bree<l. dlicc^p as a wliole are thus less susceptible than goats, DeCosta [i937] ha.s made a 
similar obsei'vation iii the erise of sheej) in .Bareilly and Kumaun. It wouhi appear tliat when the 
vi.r'us of rimlerpest causes death among sheep in natural outbreaks, either it has assumed virulence 
tlrrough smne natural factm-s such as (“limate or ))as.sag'o through the species or the virus <,ii' rinderpest 
iu sheep is perhaps dilfereut from tiie virus (,)f rinderpest in cattle. It lias also lioen observed by 
various vvo.rkers in. th<^ held that in some oul.brraks of rinderpest all kinds of stock succnmli to it, 
while in others cattle are only aifccte.d. As stakul (airlier iu the Kaiigra outbreak, hill ealth' a.s well 
as sheep and goats wer<^ atiected. while in the oiitbreahs at Hksar and .Amliaha the disease was 
confined to slieep and goats. 

EfBEOT of VAK1A.T10M IE kOSE 

Sixty Hissari rams were to be sent to Kangra district for lu’ceding luirfjoses and a,s .rinderpest 
was prevalent there it was decided that they should be immiinisied before despatcdi. As all these, 
animals were available, different doses of goatis were given to observe the effect of dtjsage on the 
reaction produced. Karas were divided into six batches for this purpose as shown below : 


First hatch : Dose per animal— O'l) I (jm. in 1 e.a. of saline 



Nos. of sheep 
‘ 17 .-) 


Duration of reaction 


Day of reaction 
3rd 


±1. 11. 1/ALL 


Second hatch ; Dose pev anwial — 0’02 gm, in 3 c.c. of salitie 


Nos. of sheep 

Day of reae 

431 > 

No refteti 


3rd 

248 

3rd 

370 

3rd 

317 

3rd 

372 

3rd 

34-4 

3rd 

334 

3rd 

295 

3rd 

313 

4th 

355 

4t.h 

3-l-S 

4th 

323 

4th 


Average, duration of reactiofi 

Third hatch : Dose per ammal-~-0‘005 gm. in 1 c.c. of saline 


Duration of rteaetion 


3 days 
7 •!. 

3 „ 

5 ll 

3 „ 

6 „ 

4 „ 

2 „ 

3 Z 
1 clay 
3 days 
35- „ 


No. of sheep 

Day of reaction 

Duration of reaction 

;j:.’0 

No reaction 


27i 

do. 


3 10 

4th 

2 davs 

■192 

2iid 

3 

268 

Ist 

2 „ 

391 

4th 

4 „ 

474 

3rtl 

4 .j. 

293 

3rd 

8 „ 

380 

3rd 

■3 » 


A verage duration of reaction 

S 'j ,, 


Fourth hatch ; Dose per animidl — 0-0025 gm. in 1 c.c. of saline 


Nos, of sheep 

Day of reaction 

Duration of roacti/ 

382 

4th 

3 days 

611 

3rd 

d ». 

240 

3rd 

s » 

390 

No reaction 


425 

5th 

1 day 

311 

4th 

4 days 

428 

3rd 

5 

257 

No reaction 


693 

.3rd 

6 Stet 


Average duration of reaction 

2|- days 


Fifth hatch : Dose per animal— 0-00125 gm. in 1 c.c. of saline 


Nos. of sheep 

Day of reaction 

Duration df reaction 

4.88 

4th 

2 days 

468 

No reaction 


333 

4th 

6 » 

274 

4th 

6 „ 

376 

3rd 

2 „ 

435 

4th 

4 ,, 

345 

No reaction 


368 

Do. 


367 

3rd 

6 day^ 

368 

4th 

1 day 


Average duration of reaction 

2|- day's 
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Sixth hatdi : Dose 2 )er animal~-0‘04 gm. in 1 c.e. of saline 
JTo. of aheop day of reaction 

2Sfi 


,‘tia 

407 


2rd 

4th 

3rd 

4th 

3rd 

Average duration of reaction 


'Dni'ation oi“ r6a(>l.ion 

4 d«yn 


3 

4 »> 


The t'bcTinal intensity of the reaction did not vary a. great deal in each g!.‘oup though ihe durutlors 
of reaction rrat:^ slightly different in each case. Gomell el al, [1941] stated that tJie sizis of tiio dose 
in bovines did not affect tlie com.‘se of the reaction in them. In this expeT'inamt, however, with a. 
reduction of dosages there seems to be some reduction in the duration of the nuiction, and an increase 
in the number of non-reactors. To some extent these variations may b<'. aeconntcd io individuai 
factors based on the observations of the previous experiments, where so jnuch variety of reactioiis 
was observed in ditTorent groups. .. ■ ' ' : ^ ^ ^ 
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Anti-rinderpest serum (ordinary) and goat tissue vaccine given at the some timo, produced a, 
Ejolid immunity in Betal and hill goats against rinderpfjst, while the admiiiistration of the vaccine 
followed by serum 24 hours later caused a severe reaction. The above method has luuni safely uiiU?xd 
in the field and it was found that the dose, of serum required in hill goats was slightly higher than 
that for Betal goats. 

Goat tis, sue vaccine alone can be used to produce immunity agaimst riiiderpest in BikiUicri, 
Hissari (Merino and Eikaneri crosses) and dm sheep, but the use of serum is necessary in tin*, case of 
sheep of the Lohi and Biangi breeds which arc more susceptible. There aii^ (i('fiuit(i indications tlrat 
fill these breeds re.iiet diffenintly to inoculation of the vaccine. Loins ai’C the most susceptible and 
react more or loss like goats ; Lohi lambs react still more severely. 

3. The reaction produced in sheep and goats by bull virus was miide.i- than ‘that of tlio goaf' t issue 
virus o])taincd from the Punjab Veterinary College. When different doses of goatis were givens to 
sheep, no differenco in the intensity of the reaction was noticed, though the durai’.ion of the i.'ea,ctio]^ 
varied witli the close. 
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(liecedved for jnibUcatiou on, 14 Mtyy iy4(5) 

available statistics eoncernino; cultivated (.irops, although they are admittedly inaccurate, 
1 do ])rovide a reasonable working basis ii])on which to make an estimate of tlie fodder derived 
from these crops bui; in computing the part which tlie iineiiltivated sources of annual food play and 
which, after all. is the real mainstay of the live-stock; of the country, only a few vague indications 
may be gathei-ed from published figures. Previous authors Lave used these in different ways and it is 
only a matter (jf o[)iniori as to how close or how wide thejt have come to actuals. 

The figi,.ires arrived at in this note, like those previously computed, are not absolute but can bo 
taken only as an approximate indication of the most probable requirements and deficiencie.s. Only 
British Lidia has been considered. 

The foiku'.'ing cattk.'. popuhitiou has to lie fed : - 



Cattle 

Buffaloes 

Total 


(Millions) 

(Millions) 


(a) Weaned young stock (1 to 3 years old) . . , . 

17-4 

5-9 

23-3 

(6) Idle male stock . . 

2.2- 

0-2 

2-4 

(fi) Cows . . . . . . . . 

36*4 

15-0 


(d) Bullocks and bulls . . .... 

44-6 

4*7 

4!)-3 


The major sources of cattle food are : (1) grass, (2) specially grown fodder crops, (3) straws of 
food grains, (4) cotton seed and oilcakes, (5) by-products such as bran. 

Sufficient grass grows in the country each year to provide an immense quantity of food .for animals 
but, in practice, most of it has to be obtained by grazing and tlius its usefulness is limited to certain 
classes of live-stock, that is, those which have time to graze and need no special form of concentrates. 
It is considered that these resources are available for and can meet the requirements of idle male stock: 
and all cows (excluding female buffaloes used for milk production), that they meet half the mainten- 
ance requirements of working bullocks, as these animals are fully employed for about half tlie year 
only, and that growing young stock can obtain all their requirements from this source. The amount 
of milk produced to-day in British India is estimated to be 19*7 million tons, of 3-3 million tons 
are used by calves. It is desired to increase that output some three times bat that target is, for the 
time being, unattainable and all that seems practicable is an increase of 50 per cent to bring the total 
to 28 million tons. This involves no increase in the number of cows. 

For pu;r]:)Ose ol; (.‘alculation here, the food requirement other* than those supplied by grass can 
most conveniently be expressed in terms of starch equivalent (S. E.) and digestible protein (D. P.) 
and the amounts of these which are needed are given in Table L ' . . 


* Pvt'sentod before the Crops and Soils Wing Meeting held in December 1945 at Dollii. 


M Food Jieqmrements oj md other UatUe %n IncUa 

■ Table I 


The Uaroh equivalent mid digestible protein reqaiml 



M'otii.1 re-tjuin'incnhi 

in milliDti fon.s per 


iinrmiii 


S.K. 

D.P. 

Production requirsmentti for 28 million tons of milk , . . , 

s-sr. 

1 -4:5 

Mainteuance of 14 million buffaloes (average live weight 1,000 lb.) . , 

Maintcnanco of 49'3 million working Imllocks sind bulls (average weiglit 000 lb.) 

13-SO 

1 -38 

for sis months , . , . . . . . ' . . , 

Eequirementa for work (medium woj'k 4 hours daily at 4"1 lb. S,B. and 0*8 lb. 

19-79 

1-04 

I>.P. per day) . . . . , . . , , . 

38-32 

0-.56 

Total 

70-70 

ll'Ol 


The ratio of D. P. to S. El. required is 1 ; 6*43. Tlie jiatiirc of the foods whiob coul^l provide 
that, the amounts available and the extent of the deficiency is stated in Tal)le JI. 


Table IT. 


food necessary to provide the required, proportion of /), P. and S. R. 


— 

Ih'opor- 

tions 

rotiiiii-cd 

Pcj’cienlagt 

.siti 

S.R. 

of emnpo- 
)n 

P.Ik 

P m. 
produc- 
tion 

in million 
tons 

llcqnin-d 
in in i Hi. Ill 
tons 

Dciiciciicy 
ill million 
tons 

Green fodder 

20 

10 

! 

i-ri 

78-1 

182-0 

:io-t-r) 

Straw 

12 


0-0 

87-2 

; 109*0 

22-4 

Cakes and seed 

3 

73-0 

■ 2ri-() 

3-1 

! .27-4 

;24:-o 

Biee and wheat bran ..... 


43-0 

, s-o 

1-3 

lR-3 



The gap between require] uents and present production is very wide. Tn i.iTiiiy to plan how these 
quantities can be made good, the human requirements must, of conrse, receive primary consideration 
but by a readjustment of the cropping pi'ogramme it appears ])ossib]o to meet the needs of both human 
beings and cattle. 

The cultivated land in India is now divided for crops roughl)* a.s under : 

Million aci'ea 


Pood grain.s excslticliug grain 174 

Gram . . ... . . , , ,1 ’ ' ] . . 15.5 

Oilseeds . . . . . .... *. *. . . . . ifi-.T 

Cottonseed . . , . . , . 14.}) 

Poclder crops ...]!".!!! IC-ri 

Others ! ! ! . 1 1 <50 


Tut.. I , :j,S0*r. 

Cultivable waste ... . . . 

Poreste . . . , . . . * *. * <57 

Not available for cultivation . . . . . * D j 

Total . 


The present jjroductioii of cereals is eBiiiiuitod by the Nutrition Advisury (‘oniuiitO'c of the hidien 
Keseai'cli Fund Association to be 13 per cent short of hnmau requirements and tliCTc is n. ‘JO pei- ceni,-- 
shortap of pulses and a 330 per cent shortage of oils and fal.s. Ti' has been aeceptful tljal as a remit 
of various measures imdcv consideration of tht; (lovernruent.s, it is not nnirstsonalde to assume f hat 
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tlioro will be a 50 per cent increa;.’;© iu tlie jneld from land in 10 to 15 years time. As tliat target is 
attained it will 1)0 possible to produce 13 per cent increase in tlic pro.sent quantity of cereals on 131 
acres, releasing 43 million awes wliicdi may bo devoted, as suggested below, towards making up defi- 
ciencies in luiman and livestock requirements. 

As stated al)(!Vt5 tlie ]jroduction of oils and fats needs to be increased 330 per cent in order to 
ynovide food for human beings. At the iiici'case.d r.ate of yield, the 15-5 million anres nt)W used must be 
inci’eased to 31 million aca'es and thus 18-5 millhuj acres more liave to bo n.scd for that crop. At 
present 2-5 millicai tons {)r edible oil cakes a..re p.roduced. Wiien the aro.a and yield are inon^asefl, 
8-25 miliion tons will be availa,!)le. Adding tlio uiurruslied cotton seed wliich is fed at present, that 
is 0-9.1: millio]! tons, the total of Calais arid seed will amount to 9-2 million tons. No increase in the 
acreage under cotton .S('ed is envisaged. 

To augment the siipj}lios of concniitvatod food it is suggested that the present acreage under gram 
and barley, whicli arc good catth', feeds, may be increased tis much as possibh; or crops of equivalent 
value whej'e gram aiid barley cannot l>e grown. Six million acres are, however, required for the 
cultivation of green fodder ; tlu?. remaining 18’5 million acres can be devoted to the cultivation of gram 
and cereals for cattle. On that acreage, -l-S anti 5*32 million tons respectively can be r£iised. 

The six million acres u'hieh may he uilotted to green fodder crops along with tlie 10-5 million acres 
at present used should ])r<jvi(lo, t)n the increjised yield .scale, the amount required. More nutrients 
can be made avilablc from this land if logiiminous fodder like lucerne and berseeni are grown but, 
assuming that tlie present ]>ropori'.ion between the various fodders persists, the 50 per cent increase of 
the present out put of 7-5 tons per iicre on 1(1-5 Jiiillion acres will produce 185*G million tons at 1.1-25 
tons per acre. 8traw will rejnaiii })ra,ctically the same as at present, Tlie food provided when the 
above change is introduced in the ci;opping programme, will be as indicated in Table III. 

Table III 


Food f fODuled after changes in the cro'pping programme 


Feeding stuffs 

Total weight 

' S.E. 

D.P. 

Required 
in million 
tons 

Ib.’ed ]:)fO- 
vided for 
in millions 
tons 

Required 

Provided 

for 

.Required 

Provided 

for 

Qreen fodder .... 

1S2-0 

.1S5-6 

1S-2G 

18-.56 

2-74 

2-78 

Straw 

lOO-O 

1144 

24-60 

25-74 



Tolnl . . 



42-92 

44-30 

2-74 

2-78 

Calces and se(.>d , . . . 

274. 

945 

20-00 

6-68 

6-85 

2-29 

Rice and wlieat bran . . . 

18-3 

1-47 

7-S7 

0-63 

1-46 

! 0-12 

Gram . 


4-5 


3-20 


0-59 

Barley . . 


5-32 


4-04 


0-.39 

Tolal . . 



27-87 

14-55 

8-31 

3-39 

Grand Total . 



70-79 

58-85 ' 

Jl-05 

6-17 

Shortage . . 



11-94 

"4-88 


Tin; oidy way in which tliis deficiency can be made up is by an extended programme of making 
hay or silage out of the surplus grsiss which is available during monsoon, and which is otherwise 
wasted. There are iOG million acres grazing land in British India. No ])recise data arc availaldo 
as to how much grass this land produces. The limited information wo have goes to show that the 
production of grass is aL^oiit two Inns green per acre. A third of this can be made into hay or silage, 


Mood lieqimements oj iVHicth ana, otther vame m India. 


'm 

gj^iving tlie equivalent of 90 million, tons of green grass. Assuming tlic grass to lia,vo tJio value of G-2 
per cent S. E. containing l’3.G 1). P., it will provide 5‘G million tons of with 1*2 million tons of 
D. P. This still leaves a, deficiency of 6’34- million tons of B. E. and G-ftS million tons of I). P. 'fliat 
can be mot from concentrated protein food of animal origin of which lisli nieal should supply a large 
proportion. 

It is recognised that while the ultimate olqoctive must l)e the pi’ovision of food wliic.li will allow 
the cattle of this country to maintain health and to produce on the most paying basis, it is ia'.c<‘ssa,ry 
in practice to c,oncentrate on intermediate goals wliicli. can 1)0 pi’ogre.ssivsGy raised a,s apphuillural 
conditions iuipn'ove. These intermediate goals must differ from region to region acc.ording l,(s mark('is, 
agricultural practices, j)rejiidices, etc. ; the exact goals are, thenTore, a matter ol‘ individual adminis 
trations to determine. 

It .is improbable that aclministrative units can become s(df-sullicient ; inter-adjustinent in the 
suj)ply of protein concentrates must continue. That class of foodstuffs being ]-ehitiv(9y liondmlicy 
is transportable and thus the difficulty is not insoluble. Table IV illustrates tlio ])resmii jpositioii isi 
regard to them. 

Table IV 


Present j)osUinn in regard to foodstuffs 


Province 

Preaenti food available expressed as 

Biatio of 
;i>.p. to s.E. 

S.E. 

D.P. 

Punjab . . t 

6,200,679 

673,703 

1: 9-21 

Sind . . , , 

623,817 

49,877 

1: 12*6 

Bengal , , . , . . 

2,933,233 

87,1(56 

1 : 33 -66 

Assam ... . . » 

626,648 

17,789 

1 ; 36-22 


The foregoing estimates give what is coiisidci’ed to be an all-India picture of tlio- stock f(;o 
position and needs. As a first stage towards tlie ultimate aim, attention should be giviui to tlio produc- 
tion of what is now recognised to be the primary human food recpiirement from cattle as expri.'ssed liy 
the Nutrition Advisory Committee of the Indian Kesearch Fund Association (1944) and the .Agri(,uii- 
tural Policy Committee No. 6 (Agriculture, Forestry and l^isheries), that is, the production of more 
milk and the work entailed in cultivating the land. 

As far as the latter need is concerned, it must be admitted tliat what bullocks tliere are do in fact 
cultivate the present acreage althoiigli on their low nutrient level they do not do so in an economical 
manner but, for the immediate present, the standard a,s it is must be acjcepted. 

Such, however, need not be the case in regard to increased milk production for it lias been abun - 
dantly proved that immediate returns are to be had from better feeiiing. if these returns are to be 
maintained and increased, attention must be paid to the development of the rising and futni'Ci genera- 
tions of cows. As an immediate object then, tlie requirements may bo ex])reHsed as the prodius- 
tion of food for 8-1 million tons of milk per annum, %.e., 50 per cent more tlian tlie present sujiply 
and for the growth of heifers. The food required is extra to that now grown and it must be produced 
largely from concentrates because (1) the maintenance requirements of tlie cows and bullaloes and the 
present supply of milk is .mainly derived from the bulky uncultivatod food ; (2) a milk produci.Ion 
ration necessitates a high proportion of proteins ; and (3) the milk is required for heavily iiopulated 
areas and if it is to be delivered there in the fluid state, it must be produced in oj* near iJu'se areas ; 
such areas have few grazing facilities and so, for the most part, the mihih animals and spi'cinl young 
stock must be stall fed. A certain amount of green fodder must be provided because ihm-e is a lack 
of it in the present ration. The requirements, as far as .milk is concerned, may, thereforo, be statiul as 
2*56 million tons of S. E. and 0*47 million tons of E. P. with a nutritive ratio of 1 : G. 
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Tlie following feeding stuffs (Table V) fed approjdmately in tbe proportion stated below, will 
provide that : 

Table V 


Extmfeed required for milh 



Average 
per cent of 
S.E. 

Average 
per cent of 
D.P. 

Proportion 

Quantity 
recorded in 
niiliion tons 

Green fodder . . . . . 1 

■ 

10 

1-5 

20 

10*22 

Cakes a,nd oii seeds 

73 

25-0 

1 

1*51 

Gram or other iegumca , . . . • i 

71 

130 

2 

1*02 

Cereal by -pro duets . . . . . | 

1 

43 

8-0 

2 

1*02 


As regards feed for heifer calves, it is estimated that 8’8 million of the present female young stock 
are imdergrown and that early returns may be expected from better feeding. The nature of the 
concentrates they need may be expressed as indicated in Table VI. 


Table VI 


Extra feed for heifer calves 



Proportion 

Quantity 
(in million 



tone) 

Cakes and oil seeds . . . 

2 

0*32 

Gram or other legumes . . 

1 

0*16 

Cereal by-products . . . . 

2 

0*32 


The total extra requirements for both forms of production and the present estimated production 
are given in Table VII . 


Table VII 


Total extra requirements 



Estimated 

present 

production 

Extra 

quantity 

required 

Percentage of 

1 increase 

desired 


Million tons 

Million tons ! 


Green fodder . . . . . . 

78*1 

10*22 

13 

Cakes and oil seeds . . , . . . . 

3*4 

0*83 

25 

Gram and pulses ......... 


1*18 

100 

Rico and wheat bran ........ 

" i*32 

1*34 

1 

102 


A plan to meet these needs may be formulated on the same basis as that previously used but in 
tills case the proportions of the foods are somewhat different and although it cannot be assumed that 
a 60 per cent increase in the land yield can be expected in the time under consideration, calculations 
may be based upon a proportionate increase of 25 per cent but again human requirements from the 
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kiifl arc of prioiary consideration. After human needs in cereals arc met, 17 million of laiid 
will bo released from those crops and simiiltiinooiisly tlic: pi.'<,ii1 action of (M'l'eal l)y-])!‘<Hiucis will lie 
increased by 0*ld milliun tons. Ey the same praotico, 0-(i2 niillion aoros ^^ill j)e r('i(‘aH('.(l from ])nl.s(>, 
production. On tin', other hand, 12-4 million extra, amaxs will l)e tnanled for oil crops if tin', tarp;('t 
is to provide for cvaai half of iho preseut lumian (hdieieiu'-y, but it -will p*r()vi(le :h ! million l.ons of (extra 
oikiakes. The immcfUate need of I0-22 million tons of jp-een fodthn* should Ik- c.ovc'ved in a 25 p(-r 
cent increa.s(i in yield of the, prcsenit acreage. Tln^ ]iositioii then would b(‘, ui reia,ti<m lo {he limihal 
target sot, that there is a surplus of 2-27 million tons of oilcakf^ and a (hdie.ieney of !-i8 miliitm I'otis 
of gram and judsos and 1-21 million tons of cereal by-prodvicts, whih.' tla'rc is 5*22 million acres of la,nd .k 
availahk for further use. It should be em]>loy{.Hl ibr ilui production of (atlu'r granp ]ml,s{',s or c(n-ea,ls; 
wliicli will approximately mec't the balance of j’eqnironuuits. 



AN ESTIMATE OF THE FOOD REQUIREMENTS OF MILCH AND OTHER 

CATTLE IN INDIA* 

By L, C. SiKKAj Assistant Director of Agriculture (Livestock), Bengal 
(Received foi publication on 14 May 1946) 

T he Advisory Board of the Imperial Council of Agricultural Research has issued a plan for the 
development of Indian Agriculture and Animal Husbandry. In order to achieve national suffi- 
ciency in human foodstuffs (for a population of 400 millions), in that plan, the minimum targets laid 
down are to increase the existing production of cereals by 10 per cent, pulses by 20 per cent, fals and 
oils by 260 per cent, fruits by 60 per cent, vegetables by 100 per cent, milk by 300 per cent and fish and 
eggs by 300 per cent. Furthermore, with a view to provide adequate supplies of animal foods neces- 
sary for the increased outturn of work and milk, it has been stated that the present production of oil 
cakes and other concentrates (estimated at 3*75 million tons) must be increased by 400 per cent and of 
roughages (estimated production 176 million tons) by 55 per cent. This note has been v/ritten {a) to 
show the approximate requirements of our bovine population in the light of that plan, and (6) to 
broadly indicate the adjustments, which may he made in the existing agricultural practice, in order 
to provide these requirements. 

Food reqxjieements op the Indian bovine stock 

Estimates have to he. formulated of requirements for (a) milk production, (b) work, and (c) growth 
of the bovine stock required to attain the foregoing targets. To be accurate such estimates must be 
based on the actual requirements of different nutrients (digestible pcotein, starch equivalent, etc.) 
for each purpose, a point oveiiooked, in most cases, in the past [Burns, 1944]. 

It should be obvious that because of the great variations in the qua lity and, therefore, requirements 
of animals in different parts of India, the all-India estimate of requirements ought to be a composite, 
of regional estimates. Unfortunately, however, it is not possible to prepare regional estimates with 
any measure of accuracy. This is because, firstly, it is not easy to j udge correctly the number of work 
and milch animals and youngstock that will be required in each region to supply its requiromenta, 
since that must depend upon the improvement wffiich may be effected through better feeding, improved 
management, proper breeding, and disease control in the existing stocks of each region ; and secondly 
our knowledge regarding the optimum food requirements of different types of cattle of each region is 
extremely imperfect. It is essential that immediate steps be taken to obtain this information, so that 
the regional estimates can be prepared accurately. Without that no definite planning can be possible. 
Ah all-India estimate, based on average estimated requirements for all regions, must, therefore, be of 
somewdiat academic interest. How^ever, it should serve as a first approximation in indicating the 
total requirements for the country, and thereby showing the lee-w^ay we will have to make up to 
provide these requirements. It is, therefore, given here for what it is worth. Because of the paucity 
of the required data only an estimate for the British India is presented in this note. 

The total quantity of milk required in British India may he taken at 44 million tons. Assuming 
that the existing annual production per animal is 750 Ib., which may be increased by 60 per cent 
[Burns, 1944] through improved feeding, management and disease control (thus giving an annual 
yield of 1200 lb. per animal), some 82*3 million milch cattle will be required to produce the required 
quantity of milk. Taking into account the milk production by goats, the foregoing number of milch 
cattle may be reduced to 81 millions, compared with the existing number of 54 millions {Ajjnci'Jliiml 

* Presented before the Crops and Soils Wing meeting held on Decemker 1945, at Delhi. 
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Statistics of India, I935-3C). Assuming the average live- weight per liciul to Ixi G(lf) ll). ilic n.u.trionts 
required for those animals willl he : 


, ... ^ ] 

.DigOKtiltle 
prot(du 
in toils 

Rtaroli 
{n(iuvalcut 
in tons. 

For mevinte nance (0^5 lb. digestible protein and 6*0 lb. starch equivalent per 1,000 lb. 

live-weight) , . . . . . • .... 

For production (0*G lb. digestible protein and 3*0 lb. starch equivalent per gallon, . 

Total 

3,069,000 

2,044,(.){)0 

30.606. 000 

1.3. 200. 000 

0,003,000 

62,S.10,00() 


It is significant to point out that the foregoing requirements for milk productioti can be reduced if 
the average milk production per animal can be improved by more than 60 per cent. This is because, in 
that case, a smaller number of animals will be required to produce the total quantity of milk re([uired, 
which, in turn, will lead to a reduction in the nutrients required for their maintemuice. This 
should indicate the great need of improving the production of our stock by breeding since the scop<i 
of improvement by better feeding and management, although large at present, is strictly limited, 
by their hereditary make-up. 

According to the Agricultural Statistics of India, 1935-36, the total number of bulls and l)uliocks 
in British India is 57-2 millions. Ware [1944] Ibid has estimated that the number of existing bullocks 
can be reduced by 15*2 millions as a result of improving their efficiency by 60 per cent (in the .more 
backward areas only) through better feeding, management and disease control. This, if acc<.q)f;(Hl, 
would leave 42 million bulls and bullocks to be fed. Taking tlieir average live-weight at 000 lb. per 
head, their production requirements at 0-5 lb. digestible protein and 2*5 lb. starch equivalent per day, 
and the average wo.rking period at 4 months per annum their requirements will be : 


■ 

.Digestible 
protein 
in tons 

(Starch 
oqiiivalont 
in tons 

For maintenance 

For work 

'I.V»tal 

2,053,100 

1,140,61)0 

3,103,700 

20.531.000 

1 6,703,000 

26.231.000 

According to the Agricultural Statistics of India, 1935-36, the total ].iunib(vr of yoimgstock, of all 
ages, in British India is 48 millions. We need all of them to give us the niuniier of niilcli^and ilmught 
animals we require. Assuming their average live-weight to be 350 11.). per head, and the nufj-ients'ju- 
quired for growth to be 0*4 lb, digestible protein and 2*0 lb. .starch equivalent per day, tlnu'i,* require- 
ments will be : ' ' ’ 


Digostiblo i 

Itrofcein ! 

in i.ons 

Starch 
0(]uiva.l<!iit 
in tons 

13.687.000 
35,6l:},000 

20.330.000 

For maintenance . . . . . . . . . . , , 

For growth . . . 

Total 

1,368,700 

3,128,600 

4,497,300 


By addition of the foregoing quantities of nutrients required fur milk production, works umd 
growth, the following estimate of the total requirements of our bovine stock is (,)l)ta,ined.’ 

Digeatible protein 14,204,(i()O tnnH. 

btarch equivalent i . . . 108,380,000 terns. 


Available supply op animal pood 

Crop residues (strfuv and stover of cereals and pulses), grasses and weeds, grazed or collected from 
grfizing lands, wa,ste lands and cultivated lands, specially grown fodder crops, by-products of tlie 
oil and milling industries, and a certain amount of seeds, comprise tbe food of our cattle. It is not 
possible ocf. formidate a,n exact estimate of the supplies of each, as the basic da,ta required for this pur- 
pose is wanting. Any attempt in this direction must, therefore, naturally be in the nature of a 
guess estimate. I'his must be borne in mind in considering the figures which follow. 

Wai'e [1944] lias estimated that the existing supply of animal food consists of 19*53 million tons 
of special toddcr crops, 07*74 million tons of grasses, 87*2 million tons of straws of food grains, and 
3*729 million tons of concentrates (cakes, seeds, bran and pollard). Details have, however, not been 
furnished how these estimates were arrived at. It woukl appear, the estinnate for concentrates is 
rather low, provided ail the available supplies of oil-cakes are made available for the feeding of 
livc'stock, which, of course, is not so at j)resent, as substantial quantities are used as manure. Bur]i- 
[1944] lias estimated the production of oil-cakes alone to be three million tons. When to this are 
added the quantities of cotton seed, wheat bran, rice bran and pulse husks which can be available for 
the feeding of cattle, the total quantity of concentrates must considerably exceed Ware’s estimate. 

Our estimate of the total quantity of animal food produced (not the quantity that is actually fed 
to cattle) ill British India, and the nutrients supplied by it, is as follows : 



Total production 
(dry weight) 
in Million tons 

Digestible 
protein 
in tons 

Starch 
equivalent 
in tons 

Roughages : 




Fodder crojis . , . . . . 

19-63 

976,000 

7,812,000 

Grasses . ..... 

G7*74 

3,387,000 

27,096,000 

Straws . . .... . . . . 

87-20 

436,000 

21,800,000 

Total 

174-47 

4,790,000 

56,708,000 

Ooncontrates : 




Oil cakes (excluding castoi*) ...... 

3-00 

961,000 

2,076,000 

Brans 

1*40 

122,000 

714,000 

Pulse husks and clmni ..... 

1-37 

65,000 

709,000 

Cotton seed .... .... 

1-40 

167,500 

1,078,000 

Total 

7-17 ! 

1,305,500 

4,577,000 

Grand Total 

181-64 i 

6,104,500 

61,285,000 


Compared with the total xequifements, the available supplies of digestible protein and starch 
equivalent are 42*7 per cent and 56*5 per cent respectively. 


Adjustments eecommended to meet the deficit 
It should be obvious that there cannot be a uniform set of adjustments for the whole of India. 
These must vary from area to area in accordance with the requirements of each, and its agricultural 
conditions. Furthermore, it is unlikely that each area will prove capable of being made self su ffioient, 
although like the deficit areas, there are bound to be surplus areas as well. The surplus produce of tlio 
latter should be available for supplementing the produce of the former. 

For want of the requisite information, it is not possible to treat the subject on a regional basis. 
Only all-India adjustments are, therefore, indicated in what follows. But stops must be taken to 
secure the required information for each region and sub-region, and' detailed plans prepared on the 
basis of such information to secure a regional self-sufficiency as far as possible. 

It is well known that the same land cropped with cereals and pulses can support a much larger 
population than if devoted to stock keeping. Agriculturally over -populated as India is, with its small 


Iiolclipf'S, tlio land jnust needs bo cropped essentially to produce human food of ])lant ori,i3;in. The ' 
])rij(lncfioii of .mini.d food must remain largely subservient to that system, only sui,'f)lus land being 
devcd'xl io l!ie keb[)iiig of livestock, that in the absence of land, must subsist cm the l^y -prodncts 

of human food. 

As ah’oady stabsl, in oj'dor to attain self-sufficiency in human foodstiilTs, the t;u'g(d.s !ix('d are to 
inci-easo the prodiie.tiou of cereals hy 30 per cent, of pulses by 20 ])er cent a.nd (»f fa,ts and oils (and, 
tlierofoin, of oil seeds) hy 200 per cent. That, when done, should also euliamsi the (existing supplit's 
of straw i)y some 15 per eent, hran hy 10 per cent, pulse husks and vkn-ni hy 20 per c('nt, and oil ealo's 
hy 2b() p(amanit, thirs giving us the f<)ilu\vitig quantities of nutrients : 



Total production 
(dry weight in 
luillion tons) 

1 

. . 

Higestiitle 
jn'oUiiu 
in toiLS 

Ktareii 
(■(juiv'iiK'nt 
ill tons 

Roiigliagos : 

■puddcj- ClYl]',,S! .... 

Grasses . . . . 

f^irawa . . . » 


! 

(-.7 -74 
JOO-liS 

97i;,()n0 
:i,:is7,uo() 
501 ,400 

7,812,000 

27.0915.000 

25.070.000 


Tola.1 

1S7 

4, SIM, too 

59,978,000 

Conccntralo.s : 

Oilcake.s (excluding castor) , 

3?rans ■ . 

PuIho, husks and chad 

Cotton seed , . 


7-50 

1 -84 

1,55 

1-40 

2,402,500 

j;w, 2 oo 

78,000 

1.57,500 

5.190.000 
785,400 
850,800 

1.078.000 


Tolnl 

11-99 

2,772,200 

7,904,200 


amvfl Total. 

199-54 

7,3;](),(iOO 

(i7,8S2,;>()0 







Compared with the total requirements, tin' supplies of digestible {)rofcein a.ud starcli equivalent, 
which will thus become available, are b:’)-! per cent and (>2-(> ]m‘ cent vespeetivtdy. 

It must first be considered how this projectei I inci'oased production of human food (and. thmxdbre, 
of animal food) nuqy be effected : whether liy extending the ari^a under these crojis, or by obtaining 
higher yields per acre, or by a confbinatioii of both these steps. 

Burns [Idiil. Ibid has already indicated tlio technological possibilities of crop inijirovemcnt in 
India. He lias sliowm that hy ado]>iing inqirovod agricultaira,! ]n'actic<'s it is possible to inqirove 
tlie yield of <.u;reais by 20-50 per cent, of grain by 20 per cent, and of most oilsj'eds by 15-25 per cent. 
In view of these results, the desired increased production of cereals and ]mlses should be obtainable 
from the (“ixisting areas under such crops; while in case of oilseeds t!i(‘ir presimt area (18*5 million 
acres) must Ijo a,t least dou))led. Howevei-, in view of the great possibility fm- increasing the yield of 
cereals, and their large area (156 million acres), there should be ample scojie for Jinding the additioxiai 
land required for gi'uvving oilseeds out of that area. 

It xshniild also be stated tliat the use of edible oil-cakes as ma.nurexS must ho diseoiitinui'd, Ihirns 
[1914] IhkT has estimated that, in order to meet only one -fifth, the mauiurial ni'.eds of paddy (t.o secure 
increased, yicdil per acre), the whole of the existing supply of oilcakes is rinpiirtMb }i‘ the, use, of edible 
oilca,kes as manure is to increase, the animal food supply position ma,y further de.tej-iora,te. No doubt, 
without the use of manures the s<’,opc for increasing the yield of our crops is, in most c,ases, veiy little ; 
but artificial fertilisers, faimi yard manure, compost and green, nuinures, rather than edible, oilcakt;s, 
must be looked upon to satisfy that need. 

It is also essential to stop the export of oilseeds and oilcakes, and develop tlio Indian oilseeds- 
crus.hmg industry. 


In spite of the foregoing increased production, there will still remain a deficit of some 6*66 million 
tons of digestible protein and 40‘5() million tons of starch equivalent. How may that be met ? 

Obviously, the first thing to do would be to increase the supplies from the existing sources, as 
much, as possible, and then look for new sources. The waste lands, aggregating some 90 million acres 
ill British. India, offer a great scope in this respect. These should be surveyed, and working plans 
fornmlated for tlieir development. Such waste lands, as can be brought under cultivation economi- 
cally should be used for that purpose, if. possible, for growing fodder crops ; while the grass produc- 
tion from the rest should be increased by suitable management. That there is a very grea/t scope in 
the latter direction, there can be no doubt. We have already the example of improvement of usar 
lands in the United Provinces*, the hay production of which was increased from 2*75 niaunds to 16*0 
maiinds per acre over a period of 5|' years by the simple and inexpensive practice of protecting them 
from grazing during the six rainy months, in spite of grazing having been permitted after the hay 
harvest. If each acre of waste land, suitably managed, were to yield annually even half a ton (dry 
weight) of hay more than' at present (surely, not an impossible target), the extra quantity of grazing 
nia.terial thus obtained would provide nearly 2|- million tons of digestible protein and 18 million tons 
of starch equivalent. 

In order to produce the balance — approximately 4|- million tons of digestible protein and 22| 
million tons of starch equivalent — we must again look to our cultivated land. The total cultivated 
area of British India approximates 260 million acres, of wMch some 45 million acres are classified as 
‘ current fallows '. Only about 30 million acres are double — cropped at present, the percentage of 
double-cropped area being nearly . 14 per cent of the net-sown area. The required quantity of animal 
food should be obtained through extending the double-cropped area by raising a catch crop of green 
fodder, either before or after the principal crop as feasible. Provided the catch crop is a, legume 
there should be no danger of depleting the soil fertility by this practice. The raising of a crop of 
pulse from paddy land, l^y Inroad- casting the pulse seed {khesari) in the standing crop of paddyf, is an 
admirable practice, which must he extended with advantage both to the main crop and cattle. 
Similarly suitable pulses can as well be grown on lands producing other cereals. Where means of 
cheap irrigation are available, the extension of area under berseem and other clovers shotdd be possible. 
To increase the area under leguminous fodders by 30 million acres should, therefore, not prove im- 
practicable. 

# ■ ' 

Summary 

To summarise, the following are the adjustments recommended in the existing cropping with a 
view to produce the required quantity of animal food : 


Crop 

Area (million acres) under 

Existing 

cropping 

Proposed 

cropping 

Cereals .............. 

166-0 

137-6 

Pulses (for grain) . . . . . . . . 

Oilseeds . . , . . . . . . . . . 

27-0 

27-0 

lS-6 

37-0 

Podder crops . . . . . 

10-6 

40-6 


32-0 

32-0 

Total 

244-0 

273-5 

Revekenoes 

Burns, W. [19-14]. Teclinologuial Possibilities of Agricultural Development in India. 

WfU'c, F, [i944]. Ibid. 

*rr(ire.edvniiii of the. 2nd nieetimj of the. A nimal Eushandrn Wing held in Madras, 1936, p. 2ii. 



'\pracci'jMn(j(i of Ihr. CaUk Conference ]u>l(l at Simla, 1937, p. 69. 


A SUETET OF THE FEEDS AND FODDERS AND THE REQUIREMENTS OF 
THE L'JTESTOOK IN THE UNITED PROVINCES* 

By ]Sr, C. Das Gupta, Researcli Officer, Cattle Feeding Research Station, P»]ia.rii.ri, Jhnnsi 

(Received for publication on 14 May 1940) 

T he products of the field which are inedible for irian arc tlio main source of luitrionts for the 
livestock but, farm animals cannot produce min':, meat or labour efficiently unless some edible 
food is also included in the ration. In addition to the mill by-products, a large amount of grains are 
required for this purpose. Hence, to study the position of feeds for the livestock of a country it is 
necessary to find out the amount of food which can he spared after meeting the reqiiiremenfcs of the 
human population. . 

Food REQUIREMPiNTS FOR irXIMAN POPULATION 

According to the census report of 1041 there are 29,542,474 male and 26,803,981 female in Die. 
United Provinces and the approximate amount of nutrients necessary per year is shown in 'i’able L 


Table I 

Requircnirnl of nutrimfH for himmi fojwlation per •year 


Populabion 


Per adult 
per day 


Total per year 
in thousand tons 


Therms per 
adult per day 


Total thorma 
in thouBandfl 


Male 

Female 

'Potal 


29,542,475 

26,803,981 

56,346,456 


65 gm 
55 gm 


a-ooo 

24)80 


28.030.000 
20, .141), 000 

48.370.000 


The figures are on the basis of nutrients required by the adults [Health Biilktin, 1937]. 

For a mixed popiilation of men, women and children the requirement is expected to be lower 
but, as the extra nutrients required for heavy work, pregnancy and nursing have not lieen taken, into 
account, it is advisable to assume the figures arrived at as what is required to support the total popula- 
tion of the province. 

Nutrients available for Imman consumption. The acreage under different crojis [Bmmn and Crop 
Boport of the United Provinces for the year 1942-43] and their pre.sent estimated yielil [Pugh and Dirih, 
1940] have been taken into account to arrive at the total food produced. In some cases i.he figures 
had to be assumed in the absence of statistical averages. For example, nutrients of tin*, item ‘ otlu'.r 
food crops ’ have been calculated from the average figure of the pulses. Similarly, the- figure for the 
fruits and vegetables is based on the everage of all the common vegetables. Thus tiioy lu-ovide only 
an approximate return. Eealth Bulletin No. 23 has been (bllowed for the food values. 


■“Presented before th e Crop and Soils Wing Meeting held in December, 1945, at Doihi, 
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Table II 


Nutrients available for human consumption 





Area 

Yield 

Total 

Protein 

Fuel value 

Crop 



in 

thousand 

acres 

per 

acre 

(lb.) 

yield 
in thou- 
sand tons 

Per cent 

Total in 
thousand 
tons 

Therms 

per 

ton 

Total 
therms in 
thousands 

Rice 



6,902 

800 

2,463 

7-57 

186-6 

3544 

8,736,000 

Wheat , 



7,397 

900 

2,972 

11-77 

349-7 

3510 

10,420,000 

Barley . . 



4,130 

857 

1,580 

11-40 

180-1 

3401 

5,373,000 

Jowar . . 



2,390 

428 

495 

10-42 

51-5 

3584 

1,773,000 

Bajra 



3,040 

407 

553 

11-59 

64-1 

3657 

2,022,000 

Mavdua and sawan . 



811 

300 

108 

7-70 

8-4 

3333 

361,800 

Kodon . 



1,307 

300 

175 

S'31 

14-6 

3132 

548,100 

Maize 



2,424 

842 

909 

12-91 

117-3 

3640 

3,309,000 

Gram 



6,080 

568 

1,641 

17-08 

263-1 

3664 

5,645,000 

Other food crops 



4,716 

400 

842 

23-00 

193-6 

3454 

2,909,000 

Potato . 



138 

16,400 

1,009 

1-73 

17-5 

1009 

1,017,000 

Fruits and vegetables 



471 

16,400 

3,449 

1-35 

46-G 

417 

1,444,000 

Sugarcane 



1,865 

3,250 

(giir) 

90 

2,706 

0-36 

9-7 

3883 

10,510,000 

Til oil . 



264 

11 



9143 

97,090 

Mustard oil 



185 

192 

16 



9143 

145,200 

Groundnut oil . 



116 

108 

6 



9143 

51,360 

Milk'cow . . • 





1,410 

3-18 

44-8 

839 

1,183,000 

Milk-buffalo . 





1,637 

3-80 

62-2 

1075 

1,760,000 

Total 



42,435 


21,884 


1,619-7 


57,304,550 

Rocjuirements for human 
sumption. 

con- 





1,219-3 


48,370,000 

.Balance 






i 

400-4 


^ 8,934,550 


Meat and poultry also provide nutrients for human consumption, but for rc-ascuis discussed else- 
where they have not been considered. After providing for the human population it is found tliat 
■100-4 thousand tons of protein and 8,934,560 thousand therms of fuel can be sparc.d for use of live- 
stock. 

Nutrients required por livestock 

The data of tJie livestock population collected in 1944 \ReMim af Live-dock and AgricuUnnU 
Machinery and irriplenicnts for 1944] have been utilized for arriving at their recjuireuient of nutiionts. 
The minimum standard of feeding recommended by Morrison [Morison] has l)cen followed lor this 
purpose. 
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Table III 

Requirement of nutrients fot' linesfoch per year 




Average 

Live- 

Dry matter 

1 Digestible proteins 

Particulars 

Numlior 

Per 100 



Total 




lb. live 


I’er licad 



(lb.) 

weight 

year in 

per day 

year in 




per day 

thousand 

(lb.) 

thousand 




(lb.) 

tons 

tons 

Clattle ami buffalues 







is)MtiMe.nance. 

Cowa alsove 3 years in milk 

2,303,083 

700 

2-7 

7,004 

0-44 

165-1 

Cows above 3 years dry 

2,631,107 

700 

2-4 

7,204 

0-44 

1.88-7 

Cows aliove 3 years not calved 

300,806 

700 

2-4 

1,070 

0-44 

28-0 

Bullalo cows above 3 years in milk 

2,139,258 

850 

2-7 

8,000 

0-32 

181-6 

Buffalo cowa above 8 years dry 

1,921,760 

850 

2-4 

6,3.S0 

(>•52 

163-1 

Buffalo cows above 3 years not 
calved 

336,437 

850 

2-4 

1,1 .30 

0'32 

■ 28-5 

Total for milch animal 

0,721,541 



;!U,i)07 


755-0 

Cows above 3 years for work . 

3,278 

700 

2-4 


O-tl 

0-2 

Bullocks or bulls for work 

10, 07!), 142 

800 

2-2 

28,!I10 

O'lO 

81 1-4 

Bullocks or bulls nob in use for work 

130,086 

800 


426 



or breeding;. 

2"4 

0-40 

11-0 

Buff'alo cows for work . . . 

11,477 

850 

2-4 

38 

(l-.'i:! 

DO 

Buffalo bullocks or bulls for W'ork 

800,598 

1000 

0.0 

...uw 

0 CO 

(in 

Buffalo bullocks or bulls not in use for 

13,650 

1000 




' 

work or breeclin;.' 


5.J 

0-6(1 

! 1-;: 

Cows above 8 yenrs nob in use for 
work or breeding 

1 13,148 

700 

2-4 

41 

U-lt 

M 

Buffalo cows not in use for work or 

10,146 

850 





breeding 

2-4 

31 


0-0 

Total for mainteuanre 

,, 20,800,075 



Cl.’!, 320 











(h) FrodmHon 







Milk 







Cow , . 

1,410,000 


fat 5 per 
eeut 





(tons) 




Cil'O 

Buffalo .... 

1,637,000 

(tons) 


fat 7 jier 
cent 



03-;{ 

Tolu! for Milk 






158-2 

M’orU 

Bullocks, bulls and cows on the 







basis of medium work 






65V-2 

Bulful'j bullocks, bulla and 







cows on the basis of medium 







w’ork 







Total for work 






,7lO-7 

Total for production . 






86!)-0 
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Table III— cemft?. 

Require'mmt of mitrients for livestook per year 


Average 

livc- 

weiKlit 

(lb.) 


Dry matter 


Per 100 
lb. live- 
■weight 
per (lay 

(lb.) 


year iu 
thousand 
tons 


Difjestible protein 


Per head 
per day 
(Ib.) 


year in 
tlioiisancl 
tons 


Thenus 
per head 
per day 


mainimanm 


Cattle . 

.Huflalo 
A'ourig t 

(d) Breeding 
Bulls 

Buflalo bulls . 

Total for growth and breeding 
Total for cattle and buffaloes 


Total ntqairement for limstock 


2,4Cl,7‘ia 

l,EiS4,830 


15,481 
1 1,223 


1,574,000 

1,330,01)0 


40,970 

37,0(50 


3(54,818 

221,946 


094,100 

342,000 


Tlie yield o;f milk per year lias been estimated on the basis of 800 lb. per lactation from a cow 
and 1,000 lb. from a buffalo [Wriglit, 1937]. The average period of lactation has been taken as seven 
months, and the annual yield has lieen obtained on the assumption that the number of milch animals 
remain constant throughout the year. 

Sheep and, goat subsist partly on shrubs and bushes and partly on the common feeding stuffs. 
The shrubs and bushes are not usually utilized by the cattle and buffaloes and whatever common 
nutrients iire consumed by sheep and goat are expected to be balanced by the return of nutrients iu 
the foriii of meat iind milk for human consumption. The same is the case witli the swine kept in the 
rural arens and hence, they have not been considered in determining the balance of total nutrients 
available and required for the Province, 

Nutrients available for the livestoch. Attempt has been made in Table IV to arrive at a figure for 
the nutrients available for livestock. Grain : straw ratios used for the calculation are 1 : 1 for gram 
and ‘ other food crops ’ (mainly pulses), 1 : 1’5 for rice and mandua, 1 ; 2 for wheat, harlev, kodtm 
and sawan, 1 : 2-5 for hajra and maize and 1 : 3 foi jowar. Foreign [Morrison] figures have been used 
for (,;omputation wherever Indian [Sen, 1938] feeding values were not avjulable. Kellner’s [192(5] 
value for millet straw was used tor jotvar, hajra, rmndua, sawan m.d kodon straws. Value of straw 
from ‘ otlu'r food crops ’ wliich consists mainly of pulses, has been assumed as equal to that from 
gram. Jowar, hajra, guar and maize are the main fodder crops during Jeharif, whereas the crops 
(luring raid iire liicorjie, senji, oats and peas. The nutritive value of the cultivated fodders has been 
takem as the avoi’age of these crops. The yield of hay from the grazing land had to bo assumed, but 
as suggest'-nl by the Koval Commission [1928] the yieM from ‘ cultmable waste ’ and ‘ not available ibr 
cultivation ’ ha,s been taken as three-fourths and one-fourth of that from the forest area. The nutrients 
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Table IV 


Nutrients available for livestoek 





Total 
yield of 

IJigestible protein 

Net energy 


(;rop 

Area in 
tliousaud 
acres 

View of feeds 
,md feeding situds 
per .acre (lb.) 

liHUls and 
feeding 
.studs ill 
tlicmsand 
Unis 

Per cent 

'I'lital ill 
tbou.saiid 
tons 

Tiim-iiisi 

per 

100 lb. 

'I'otill 
tiiernis in 
tdiousands 

iJry in.-ittci- 
per cent 

nice 

0,003 

1200 straw 

3,008 

nil 

nil 


2,3,45,000 

90 

Wheat .... 

7,307 

1800 „ 

5,044 




3,190,000 

90 

Barley . . . ■ 

4,130 

1714 „ 

3,101 

O'OO 

28-4 

23-0 

1,070,000 

90 

Joioar . . . . 

2,500 

1284 „ 

1,485 

l-OO 

23-S 

23-9 

794,900 

90 

Biijm . 

3,040 

1018 „ 

1,381 

1-00 

22-1 

23-0 

739,000 

90 

Matuiua . . 

00 

450 ,, 

20 

1-00 

0-3 

23-i) 

10,000 

90 

Smoan .... 

712 

000 „ 

101 

1-00 

3-1 

23-0 

102,100 

90 

Koflon . 

1,307 

600 „ 

350 

l-OO 

t)-6 

23-9 

187;400 

90 

Maize . . . 

2,424 

2105 „ 

2,278 

2-20 

50-1 

27-0 

1,377,000 

90 

Gram 

0,080 

.508 „ 

1,541 

2-20 

33-0 

10-8 

372,700 

90 

Otlier food crops . 

4,715 

400 „ 

842 

2-20 

iS-5 

10*8 

20.3,700 

9(1 

Potato 

138 








Fruit and vegetaide 

471 








Sugarcane . 

1,805 

.5000 tops 

1,103 

((•SO 

33-.'{ 

10-3 

1,520,(100 

2!) 

Fodder cropw 

1 ,004 

10400 greon 

11,740 

l.'a:! 

213-0 

10-7 

‘2,800,000 

25 

linseed .... 

151 

315 cake 

21 

24-40 

5-2 

70*!) 

;;7,95o 

90 

Til ... . . 

204 

100 „ 

10 

3.8-34 

7-2 

80-3 

950 

90 

Mustard .... 

185 

408 „ 

:i4 

27-01 

•.1-3 

75-3 i 

5<i,90(i 

90 

Groundnut .... 

110 

230 

12 

45-00 

5-4 

8i-i : 

•2 1, two 

(dei-nrtieatcd) 

Cotton .... 

311 

310 .seed. 

47 

11-24 

5-3 

82-5 

87, loo 

90 

llicehrai) . . 


JO per cent of rice 

247 

7-13 

17-0 

iiO-0 

27!l,000 

90 

Total 

44, ,501 


37,174 


483-0 


15,881 ,.430 


Grating hind 









i'-orcsi 

2,800 

looo lifiy 

1,277 

0-70 

0-7 

22-4 

OKl.CiOO 

' 90 

Cultural lie u usto 

0.500 

750 „ 

3,205 

0-70 

24-4 

22-1 

1,00.4,(100 

90 

Not avidlalile for cult ivul Ion 

0,.53t 

250 „ 

1,004 

0-76 

8-1 

22-4 

.■■>33,800 

i 90 

Total 



5,540 


-12-1 


2,782, !0() 


Total of crop?,, hy-procliic|>. .•nid 
grazing 

i 


42,737 


525-1 


i.4,(Mi.l,230 



Tlic excess of 8,934,550 tliousaiid therms fuel left from Immaii food, as rnezitioiuMj pw^viouslv, 
is eqiiivahnt to the total of (»30, 138, 350, 1150 and 90 thousand tons of barley, Ixijm, inniy.c', yr.-i ni 
and ' other food grains ’ respectively and tlm expected quantities of vvJieat l>ra,u a.tid piilst; r/nnJc.s -- 
the grains being apj)roxiinately 40, 25, 39, 75 and 10 per cent of the tola, I |)ro<lu(;ti(,n. ^'his 
extra food can supply 2,257 thousand tons dry matter, 252-3 thousand t.uns dig(>st,il)!e, protein and 
4,481,960 thousand therms net energy for feeding the livestock as shown in I’abie V, 



t vSuggested in a private comeninlcation by Major G, Williamson, Animal Hnsbandty Commissioner with tbe Gover 
meiit ofindia. 


Quantity in 
thousand 
tons 


Dry matter 
in thousand 
tons 


Total in 
thousand 
tons 


Therrns 
per lOd lb. 


Total 
therms in 
thousands 


Ba,rley . 
lia/m . 

I^Iaizo 

Graf 11 . . 

Other food Crops 
Wheat bran . 


630 

138 

350 

1,156 

90 

59 

(20 per cent of 
wheat) 

84 

{ 12-5 per cent of 
other grains) 


567 

124 

315 

1,010 

81 

54 


7-90 

7-82 

7-40 

11-41 

20 - 00 * 

9-96 


49-8 

10-8 

25-9 

131-9 

18-0 

5-9 


80-7 

90-3 

90-0 

78-1 

78-2 

55-1 


1.139.000 
279,100 

. 700,600 

2 . 022.000 
157,700 
1,73,360 


2,607 


2,257 


4,481,960 


* On the basis of Morrison’s figure for peas 

Increase necessary in the milk yield. For human consumption some protein of animal origin is 
essential and a vegetarian slionld get at least one-fifth of the protein from tliis soru-ce [ Health 
Bulletin, 1937 ]. If this amount is to be met from milk alone, the requirement should bo 13 oz, per 
head per day. 

Considering the non -vegetarians of the province, if the level of average intake of this protective 
food is aimed at 8 oz.f, the yield will have to be increased by 1,644 thousand tons us sliown in Table 
VL 

Table VI ; 


Increase necessary in milk 'production 



Population | 

Total yield 

(tons) ! 

Consumption 
per head 
per day 
(oz.) 

Actual 


3,047,000 

5-3 

Required , . . . . . 

56,346,456 

4,591,000 

8-0 

Increase necessary ........ 


1,544,000 

2-7 


The amount of this extra milk provided for human consumption will release some food for the 
use of the livestock, which is equivalent to the total of 24,592 and 75 thousand tons jmmr maize 
atid ‘other food grains’ respectively and contains 371 thousand tons dry matter, SCM thousand 
tons digestible protein and 734,700 thousand therms net energy. On the other hand, the production 
ol' 1,544 thousand tons milk of cow and buffalo will require 80-3 thousand tons digestible protein 
and 1,283,000 thousand therms net energy. Taking all the points into consideration the positioii 
of the food supply for livestock can be summarized as in Table VII. 
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Table V 

Nutrients amilahle from extra feed 

I Digestible protein 


bTet energy 


40 


Table VII 



Dry matter 
in tliouaarul 
tons 

i)igewtibi(! 
protein in 
tliou.sami tons 

N«‘t energy 
thernm in 
Ihou.simds 

Requirement. . . . 

74,294 

3, 489-0 

09,128,097 

Rci(iuiremcntt(uuert‘a.sei.lie milkyieldby ],fi^J4,000tfUiH 


80-3 

i,2s;i,ouo 

Total require/mmit 

74,294 

3,509-9 

7(»,ri 1,997 

Availalde from fooflmg stufls 

3;i,9()S 

525-2.,. 

18,001,230 

„ ,, food crops . . . . 

■ ' -2,257 

.. 252-3 

■1,481,909 

„ „ for extra milk supply . . 

371 

36-1 

73-1,790 

Total available 

3(>,r)96 

813-6 

23,880,890 


37,698 

2,756-3 

40,531,107 

Sliortagc — per cent requirement . . . . . .. 

51 

77 

00 


Table VII shows that for lialaiicing the reciiuKinicnt of t!\(^ Uvestoch, the (jiuvatity of avnihi}»lo. 
dry matter should bo doubled. Digestiblf*. protein aiul n<‘t OMorsj;y should idset ])e ineroasod by 77 
and 66 per cent respectively. 

How to make up the shortage. From the data it can be observe<l that about l-H times more (■-rude 
protein and 2-9 times fuel .are necessary foj- 30 million livestock tluin what is required ibr 56 million 
human population Avhen the average digestibility of protein by the live.stock is iissunu'd ns 60 ptu* 
cent and the ratio of fuel to not energy is 2 : 1. But it is .surprising to note thnt. in \'ie\v (tfilie 
relative requirements, the area nm’ler fodder crops is as ]f)w as 3-6 per (nmt of tht' tufa I area, under 
crop. 

Even with poor yield of the crop.s, be.sidos the present 1-6 million acn^s. Ibchkrs ea.u be raistnl 
on another 10 million acres, the area which produces the grains in exci'.ss of human r(U[uirement. 
Fodder crops provide much more nutrients for the livestock than the grain crops. Ibn- tatmparisfm 
the yield of the nutrients per acre of some important gr.ain and fo<lder oroj)s ha,v<.^ be(m tabula.t(‘d in 
Table VIII. 

Table VIII 

Yield of mUrmits per acre from different crops 








Oi-eoii 



(■ I 


















* 

d,.il |,i„i a 

■m 



Ory 
niaUer 
. (lb.): 

DiKCS- 

tiblft 

prolifiiii 

(Ib.) 

Not 

eneri'y 

(theriuH; 

f)i-y 

matter 

(lb.) 

Uiet'S- 

tiliie 

protein 

(lb.) 

Not 

energy 

(tiMiriiiif 

Dry 

matter 

(lb.) 

UigeHti- 

ble 

ni-ntein 

(ib.) 

.\<it 

eian-gy 

(Ua-rnia; 

Dry 

niaHi'i- 

(lb.) 

DIaesi i- 
ble 

pI-Klido 

m».) 

Net 

<-iiena:y 

(lliennH) 

FoimI crons — 





720 

45-4 

451 

1,0,80 

X'il 

. 311 

1,800 

.t5..1 


Whoat 





SIO 

(18-0 

685 

1,020 

iXU 


2,}30 

o.s.o 

1,07.| 

Burley 





771 

60-0 

022 

1,542 

DbO 

301 

2,313 

7.t-8 

P.Sti 

Jowaf . , 





385 

22-4 

200 

1,155 

18.5 

■270 

1 ,,540 

40-0 

Bwjni 





300 

28-6 

.331 

010 

14-7 

2,1,0 

i.282 


d.Vj 

M.-'iluo . . 





758 

50-1 

082 

1,805 

41-7 

51-2 



(h-ain 





.511 

68-3 

300 

51,1 

11-2 




45.|: 

OUiBi- food eroiJS 





300 

72-0 

282 

300 






Oats-ffraiiiH after 

.flrsi 

2 ’, 050 

; 215-7 

1,025 

295 

20-0 

200 

' 738 





1,1110 

Oroiindimt 


!■' 



422 

854} 

i 30.1 




' 12 :} 

8,5-3 

301; 

Ii'oddcf crops ■ 


n.i'd.'i 

J02-.5 

2,:!OT 







"Tj'.,. ' 

102 ’5 


'jiiiim ! 

Maize 

I.uccnie . 
iP'i-Hcein 


4,100 

i),,S4() 

■t.oor. 

177-1 

■IS2-0 

I7:!7-0 

57i)-.S 

2,080 

2,182 

4,428 

2.440 







-dido 

0.810 

177'1 

(,82.fi 

i7;;7-0 

2,182 ■ 
■t,.12.8 

Outir 

Smji . . 


4,jll0 

2,r)0;i 

I03-(i 
41 04) 
:527-'.) 

812 

1,5.58 

1,34:1 







, 3.075 
, .1,100 
2,503 

io.’i-o 

■110.0 

,“’812 
,1 ,558 

Oats 


4,100 

4:u>3 

2,040 







4iHMl 


.iSo 
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From Table VIII it is observed that amongst tbe food crops maize gives the best retorn, net 
energy per acre being 1,194 therms. Wheat, barley and rice come next in order. But all the main 
fodder crops provide at least twice the amount of net energy than maize as a grain crop. The return 
of protein is also much higher from fodder crops. An acre of lucerne provides the maximum nutrients 
but it occupies the land throughout the year. The rotation berseem and chan or hajra comes next 
followed in order by the rotations oats and guar, soyabean or maize, and senji and joivar, maize or 
bajra. With the above considerations it is possible to produce from the extra 10 million acres which 
is approximately equivalent to net 6-39 million acres when double cropping is taken into account, 
the amount of nutrients as given in Table IX in excess if fodder crops are raised. 

Table IX 


Extra nutrients if fodder crops are raised 



RaU 

Kkarif 


Area In 
thousand 
acres 

Dry 

matter in 
thousand 
tons 

Digestible 
protein ia 
thousand 
tons 

Therms 

In 

thousands 


Area In 
thousand 
acres 

Dry 

matter in 
thousand 
tons 

Digestible 
protein in 
thousand 
tons 

1 

Therms 

in 

thousands 

Lueenio 

1,500 

6,589 

1,163-0 

6,642,000 

Lucenre 





Berseeiu 

2,500 

4,804 

647-4 

6,100,000 

'I Jowar 

1,250 

2,861 

57-2 

2,883,000 






J Bajra 

1,250 

2,289 

98-9 

2,616,000 

Oat . 

2,000 

3,661 

385-1 

4,098,000 

1 Guar 

1 

400 

549 

29-2 

324,680 






r Soyabean . 

600 

687 

87-8 

805.800 






j Maize 

1,000 

1,831 

81-3 

2,182,000 

Senji 

390 

714 

71-4 

607,700 

Maize 

390 

714 

31-7 

851,300 

TOTAIi 

6,390 

16,768 

2,266-9 

17,447,700 

TOTAIi 

4,890 

8,931 

380-1 

9,662,780 

Voial duritifi the year by 
raising fodder crops 

6,390 

24,699 

2,603-0 

27,110,480 






Total when food crops are 
groum 

6,390 

2,628 

288-4 

5,216,660 






Mira as a result of fodder 
crops 


22, on 

1 

2,364-6 

21,893,820 







It is observed that it is possible to make up the deficiency in the amount of protein from the 
area which can be spared from food crops with suitable fodder crops. But, 15,626 thousand tons 
of dry matter and 24,637,287 thousand therms remain still to be provided. Since grains supply 
more energy weight for weight, it usually becomes necessary to include grains in the ration to meet 
the energy requirement within the limited capacity of dry matter intake. Hence, either the area 
under cultivation should be increased by utilizing the culturable waste or the yield improved for 
providing more grains for balancing the energy. 

In certain localities it may not always be possible to increase the area under cultivation and 
in others it may be undesirable, as it would either reduce the grazing land or increase soil erosion. 
On the otherhand, in view of the present poor yield, it appears to be more feasible to increase the 
yield. Additional production can also release more area for raising fodders if necessary. 

In case it is possible to increase the yield by 50 per cent, 2, 429*6 thousand tons of protein and 
85,956,825 thousand therms fuel can be made available, with the present cropping arrangement. 
After providing for the human population the excess nutrients can provide 9,495 thousand tons dry 
matter, 1,061*0 thousand tons digestible protein and 18,850,000 thousand therms net energy for 
feeding livestock, The balance of nntrients is shown in Table X, 


4:id A Buwey of Feeds md Fodders 

Table %' 


Balance of nutrients ivith 50 per cent increase in yield 



Dry matter 

Digestibk?! 

energy 


in thousand 

pi'olioiii in 

in thousand 


tons 

thousand tons 

tliorrns 

Balance from the food crop 

0,495 

l,06J-0 

18,850,000 

From feeding stuffs (50 per cent increase) . . . . 

60,002 

787-7 

27,096,345 

From food crops due to extra milk anpP^y .... 

.371 

36-1 

7;}4,70() 

Total availabkfor livesioeJ: 

60,768 

1,884-8 

47,581,045 

Total requirement for liveslocic . . , , . . 

74,294 

3,569-9 

70,411,997 

Shortage . . . . . 

'■■V' ' 1 

13,526 

1,685-1 

1 

22,8,30,952 


Even witli 50 per cent increase in tlie yield tlier^ is a deficit of 13-5 million tons of dry matter, 
1-7 million tons of digestible protein and 23-0 million tlionsand therms of net energy. This iiulicates 
tliat some feed or a crop which can provide the required amount of digestible protein and energy 
witliin 13*5 million tons of dry matter is needed to balance the requirement. Graijis like barley 
hajra and maize contain the nutrients approximately in the proportion required. But, even with 
the increased rate of yield more than 24 million acres of extra area will have to be cultivated to 
provide 13-5 million tons of dry grains. On the otherhand, the shortage can nearly be made up if 
8 million acres of the present rabi area can be sown with berseem even when allowance is made for 
the nutrients from the corresponding mhi crops as shown in Table XL Where facilities are avaiialde, 
this area can easily be spared for berseem. With 50 per cent increase in yield, the need of tlie liuman 
population can he met from 25-0 million acres out of the total 44*5 million acres leaving 19*5 million 
acres for raising feeds or fodders according to the requirements. The yield per acre of rahi food 
crop has been taken as 1,621 lb, dry matter 73-3 lb. of digestible protein and 709 tlierms net energy, 
the average of wheat, barley, gram, and ‘ other food crops ’ for arriving at the net extra retiiri .1 from 
berseem crop. 

Table XI 


Nutrients frmn berseem and mhi food crops 



Dry matter 
in thousand 
tons 

Digestible 
protein in 
thousand tons 

Not energy 
in thousand 
tlierms 

Yield from eight million acres of borfioom (60 per cent increase) 

21,948 ! 

2,958*8 

27,888,000 

Yield from eight million acre.s of rabi food crop (60 per cent 
incroase) 

8,680 

392-9 

8,512,000 

Extra yield due to berseem 

13,268 

2,665-9 

19,376,000 

Shortage . . . . . . . . . , 

13,^26 

1,686-1 

22,830.952 

Balance 

+ 680-8 

—3,454,952 

Balance-percentage of total requirement . . , . j 


+ 16*3 

—4-0 


The deficiency of energy is only 4’9 per cent of the total reqidrement. The excess of digestible 
protein by 16-3 per cent may be necessary due to the loss of protein while cf)ii.s<'!rving tln^ green fiiods. 

The total production during the year has only been considered while balancing tlie nutrinn1;s. 
But without proper conservation of the green fodders as hay or silage, for even distribution, of nubrionts 
throughout the year, full utilization can not be obtained, ' 

It is evident from the above that, for properly feeding the livestock at least one-fifth of the 
cultivated area should be put under suitable fodders even when the yield of crops is iiicroasod liy 
60 per cent of the present %ure, ' ' 
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Another important factor also requires attention. The excessive amount of nutrients necessary 
can be reduced without impairing the production with better efficiency of animals. 

Table III shows that the digestible protein and energy requirement of milch cows and buffaloes 
for maintenance alone are 4*8 and 6*6 times more than what is required for production of milk. The 
amount of digestible protein and net energy for maintenance are 755-0 thousand tons and 16,753,800 
thousand therms respectively as compared to 158-2 thousand tons and 2,554,000 thousand therms 
for production. With liighcr rate of milk yield the number of animals can be reduced for the same 
amount of production, thereby reducing the maintenance requirement to a great extent. With 
better efficiency more bullock power can also be obtained with less number of bullocks. This point 
has already been discussed by Das Gupta [ 1945 ]. 


Summary 

It is estimated that out of 1,619-7 thousand tons of protein and 57,304,550 thousand therms fuel 
available from food grains, seeds and milk, about 1,219-3 thousand tons of protein and 48,370,000 
thousand therms fuel are required per year for 56 million human population of the province. The 
balance which is equivalent to 2,257 thousand tons dry matter, 252-3 thousand tons digestible protein 
and 4,481,960 thousand therms net energy, can be spared for the livestock. 

The total requirement for maintenance, growth, production of milk or work for 30,208,247 
livestock, excluding sheep, goats and swine, is 74,294 thousand tons of dry matter, 3,489-6 thousand 
tons digestible protein and 69,128,997 thousand therms net energy per year. The present total 
yield of 3,047 thousand tons of milk can provide, on an average, 5-3 oz. per head per day. If the 
consumption is to be increased to 8-0 oz. about 1,554 thousand tons more milk will have to be 
produced and the total requirement for livestock will increase to 3,569-9 thousand tons digestible 
protein and 70,411,997 therms net energy. 

The amount of nutrients available for feeding livestock is 36,596 thousand tons dry matter, 
813-6 thousand tons digestible protein and 23,880,890 thousand therms net energy which is only 
49, 23, and 34 per cent respectively of the requirement. 

Fodder crops provide nearly twice as much net energy as grain crops per acre. Though 4-8 
times more protein and 2-9 times fuel is necessary for 30 million livestock than what is required for 
56 niillion human population, only 3-6 per cent of the total cropped area is under fodder. With the 
present condition of poor yield, it is not possible to meet the requirement even if the total area 
corresponding to the excess of grains after providing for human population is put under the best 
fodder crops. 

The shortage can be met if the yield can he increased by 50 per cent and about one-fifth of the 
total area is put under fodder crops, mainly 1 
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CATTLE FOOD POSITION IN DELHI PROVINCE 

Uy li.ui SWAHOK 1. D. D Asboo I. D I Officei-in-Charge, Animal HuBbandx-v Bm-ea«, 
Impenai Council of Agricultural Researcli 
(Received lor publication on 14 May 1946) 

|N this note an attempt compare tlio amoimt of animal feed 

LSotfor fVpSluoto; ‘“-^veatocle mtho optimum nutrition:! 

Tlie computation has been based on assumptions which appear to be, and probably are reason- 
able bus might neyertheless be CKoneous and on data of present production and animal popnMon 
winch are not unquestionable. The note has been prepared more with a view to domomtoate the 
Shed fao?'"^ “'*‘“8 estimates rather than to propomid an estab- 

It is found that the cattle feed production in Delhi province and the amounts actually required 

to insure proper feeding are as indicated in Table I. ^ i:eqiiirea 

Table I 

OctUle feed position in Delhi pvovince 


Bho&sa 

Green fodder crops and maiac (dry fodder 
basis) 

Straw of gram and pukoB .... 

Oil cake ....... 

Gram ....... 

Bran and pollards . . . . 


Amounts 
available 
in tons 


32,030 

106,024 

19,100 

1,290 

17,000 

542 


Amounts 
required 
in tons 


71,580 

84,398 

30,141 

17,338 

20,642 

15,858 


Amounts re- 
quired to be 
imported or 
by wbiob pro- 
duction sbould 
be increased 


39,660 


11,041 

16,048 

3,642 

16,316 


Percentage of 
requirements 
available 


44-7 

125*6 

63*4 

7*4 

82*4 

3*4 


The statement above is based upon the calculations and assumptions as stated below : 

Assumptions 

feom^iazhi^^ requirements during July and August 

(6) Mch stock get half their requirements for two months from grazing in addition to (a) above 
c) l ouiig stock and dry stock get all their requirements during July to November both inclusive 
ami iiaii tlieir roquirements for the rest of the year from grassing. 

(d) All bulls and work animals get all their requirements from grazing during Julv and August 
.1 lie i'lirai bullocks get in addition half their requirements for half the remaining period but the urban 

bullocks get hall their requirements for two months only from grazing. 

(<;) bile stock get all their requirements from grazing. 

ij) Horses and pomes get half their roughage requirements from grazing all the year round 
h. (a) it IS assumed further that cows weigh 900 lb., bullocks 1200 lb. and horses 600 lb. 

(/;) (..lows are ilaiiana and give three-fourth of the average milk output of farm Harianas 
.Buliaiocs ai-e Murrah and should give the average output of farm Murrahs. (This works out to 7 lb- 
and 9 ib. milk per day— 6 per cent and 7 per cent fat.) * 

(c) Tliat ail work animals do on the average about four hom'S work per day for the year. 

j 'H^rosiontod before the Crops and Soils Wing Meeting Md in December, 1946, at Delhi. ” ” 
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Calculations 

Tii6 cattle of DciM are enumerated under the following IxeadingH in tin; Livostcjck Census Keport 
for 1940; 

(a) .MaUn over S' i/ear,i (b) femaled over 3 years (c) Young stock 

(i) Breeding bnlk (i) Breeding cows in milk (i) Bivfcli to ouo yc'ar 

(ii) Work animals (ii) Breeding cows dry (ii) One ytsa-r to tliroo years 

(iii) Not used for breeding or work (iii) Breeding cows not calved 

(iv) Cows used for work 

(v) Cows not used for work or 

breeding 

Of these categories (a) (iii) (6) (v) and (c) (i) may be ignored for our purpose, categories (a) (i), («) (ii) and (6) (iv) may- 
be grouped together, (b) (iii) may bo grouped with (c) (ii). We have then, groups in cattle and also in buffaloes with their 
populations as indicated in Table II. 


Table II 


Groups in cattU and buffaloes with their population 


Class 

Cattle (Zebu) 

Buffaloes 

A Breeding bulls and work animals 

(1) Eural 

30,675 

679 

(2) Urban 

3,777 

287 

B Cows in milk 

8,649 

18,442 

0 Dry cows 

12,860 

6,486 

D Young stock over one year 

24,122 

14,214 

E Horses and ponies 

7,715 



The feed requirements for a balanced ration of the above categories are given in Table Iff. In 
practice the usual substitutions can be made, e.g. barley and oats bhoasa instead of wheat bhoosa 
etc. All the quantities are given on dry feed basis. 


Table III 


Feed requirements for a balance ration of different categories 



Bhoosa 

Jowar or 
bajra 
fodder 

Oram or 
legume 
fodder 

Oil cake 

Oram 

Bran 

Bulls and -work animals . 



12 

12 

5 

2'5 

2*0 

2*0 

Cows in milk (Zebu) 


. . ' 

8 

8 

4 

1-6 

2-0 

1*0 

Cows in milk (buffalo) 



6 

10 

. 4 

2-0 

2*0 

, 2*0 

Oo-ws dry 



10 

10 

4 

1*0 



Young stock . 



4 

4 


2*0 

■ ''2*0 


Horses So ponies 



2 

8 



4*0 

4^0 


Balanced according to Irnp'erial Council of Agricultural Research Miscellaneous Bulletin No. 26 
fBeprint 1946). 

Based on the above balanced ration, and the assumptions listed before the annual requirements 
of cattle feeds will be as given in Table IV. 
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Table IV 

Annual requirements of cattle feed in tons 



I’opula- 

tion 

No. of 
days 
to be 
stall 
fed 

Wheat 

or 

other 

hhoosa 

Jowar 

or 

hajra 

fodder 

Gram 

or 

legume 

fodder 

Oil cake 

Gram 

Bulla and work aiiimal.q 
Rural , . . 

Urban . . 

Cows in milk (Zebu) 

Cows in milk (buffialoes) 
Cows dry . . . 

Young Stock (1-3 years) . 
Horses 

31,264 

4,074 

8,G49 

18,442 

19,346 

38,336 

7,715 

152 

275 

276 
275 
108 
108 

Fodder 

182 

366 

25,464 

5,988 

8,496 

13,584 

9,330 

7,464 

1,254 

26,464 

6,988 

8,496 

22,640 

9,330 

7,464 

6,016 

10,610 

2,495 

4,248 

1 9,056 

i 3,732 

6,305 

1,247 

1,593 

1 4,628 

933 
3,732 

4,244 

998 

2,124 

4,528 

3,732 

5,016 

Total . 



71,680 

84,398 

30.141 

17,338 

20,642 


'll}™ estimates given in the 

of Airi'iciiifcnml R(\sfuiTr'Jwvr«Ao ii_W i i anc Committee of the Inipevial Council 


of Agricii'itnral Researcli pages 41-5(5 • 

Fodder crops, maiao and kadbi . 

Rico wheat and barley straw 
Fodder from gram and pulses , 

Oiloakoa and cotton seed 
Gram (total production) * 

Bran . . ♦ 


100,024 tons 
32,030 
19,100 
1,290 
17,000 
542 




SUITABILITY OB SUGARCAIIE TOPS FOR SILAGE MAKING ; 

ByT. M. Paul and M. C. Rangasamy, Imperial Dairy Bnsearcli Inrttitnte, Pain jiin, lore 

(Received for publication on 25 October 1045) i 

S UGARCAYB is vciy extensively cultivated in India, the est-iniated land unde.r suynroane for 

1944-45 being 4,13-:1,000 acres. The yield of sugarcane varies from province to provide,. Vnjt the . j 
average yield of -millahle cane i.s estimated to be about 20 tons per acre. Uie yield of sugarcane ^ 
tops available in India is roiiglily 22 per cent of the millable cane which amounts to ;i little over four 
tons per acre. This amounts to 16,536,000 tons, and is likely to be on the increase. Thus very 
large amounts of sugarcane tops are produced in the sugarcane tracts during the sugarcane milling 
season. A comparatively negligible portion of it, is being utilized a.a fodder for cattle while the rest 
of it is allowed to wither and dry on the field and subsequently utilized as fuel for feeding the furnaces 
during the concentration of the sugarcane juice or simply burnt off on the fields. Tlius it is chuu’, 
that a very large proportion of the sugarcane tops produced in India is allowed to go to waste. If [ 

some profitable means of utilizing this is found, that will certainly add to the income of the sugar- i 

cane cultivator. According to ‘ Morrison Sugarcane tops make satisfactory forage for livestock ’ i 
and our own experience is that cattle rclisli them when they are fresh, but Avhen they arc wilted and 
a bit dry,, cattle do not relish them much, possibly due to the coarse nature of snga.ren.ne tojis and ; 
leaves. Again due to the local and seasonal concentration in the production of sugarcane tops, 
one cannot expect that any considerable portion of it will be utilized as cattle ieod in the fresh sta,te. 
Therefore some suitable method of preserving the sugarcane tops with or without ])rocessing has 
to be evolved, if all the, sugar tops is to be utilized as fodder. By making silage porha])s, its. fodder ; 
qualities may improve and the cattle may relish it just like any other rongliage. Moreover silage 
making is a method .of preservation of fodder for seasons of fodder shortage. Thus, if silage could ^ 
be successfully made out of sugarcane tops and if cattle could lie fed on it safely, it may go a great 
way to relieve the fodder shortage in the country and thus contiahute to the solution of the milk- i 

problem to a certain extent. Both in America and Japan, sugai’c-ane a,s well a,s sugarcane t^ops and i 

bagasse have been successfully fed to cattle as silage and otherwise. But so far no da, fa, is avaihililo 
as to the suitability of the sugarcane tops for silage making under the Indian conditions a.nd how far 
the indigenous breeds of cattle will relish it as fodder. Therefore an a.ttcm pt was made at tihe I inperiai 
Dairy Research Institute to study this problem. 4 

•Experimental r 

Bugarcane tops were procured locally in as fresh a condition as possible. Dfiily about a .ton ; 
of the material was brought and cut into | to | inch bits in a chaffing machine and filled into five ft. 
cube silage pits dug in the ground. On the first day the sugarcane tops were filled into silo No. .1 
without the addition of any thing else, second day’s sample was filled into silo No. T!1 with the addition 
of molasses at the rate of 40 lb. per ton diluted with an equal amount of water and the third, day’s 
sample was mixed with an equal amount of a mixture of guinea and Napier grasses and filled into 
silo No, III, During the filling of the silo pits, a representative sample was taken for analysis. Care 
was taken to tramp down the chopped matter very well, particularly at the sides of the pit to drive 
out as much air as possible. The pits were filled upto two feet above the ground level .and 
covered with some mgi straw upto one foot thick. These were then covered wilii mud sf> ns fo give ‘ 

a hemisplierical shape on the top. Finally the surface was plastercid wi'tli a wot mixture oi‘ mud n,ud 
cowdung so that tlie pit was almost air and water tight. All the pits wei-e daily exnmiued for njiy 
crevice on the surface add tlie crevices that appeared 'were immediately rcjiaired. Affer f.liroe months 
the pits were opened, the top layer of mgi straw was removed and the silage examiiu'd for fexture, 
•flavour etc. k. representative ‘sample was removed from each silo pit for proximate analysis. I’n.ble , 

I gives the results of the analysis before and after making the silage, ' s 




Table I 

liemlLs of amalysu before at-id after silage maJcwg 


('ane l.iips 


Silage 


(Jane tops 


Cane tops 
and grass 
mixture 


iiioup 


Oroni) 


(Jroup III 


Dry matter . 
(!!‘ud<‘ liroleill 
Ash . 

( 'rude ii!)re . 
Siller eslraet 
Aridity 


Feeding frhd. Tw(‘lvo (’.ows of nlmost the aamo stage of lactation, milk yield and body weight 
were. soiectiMl IVoin tlio Institute herd and were divided into four groups of three each. The normal 
comictd.ratc I'atiou of Iho a,niiuals consisted of a iivixture of ricobraii, gram, gram husk and groundnut 
v-ako in the ratio of 4 : 1-5 : lid) : 11-5. This was fed at the rate of one lb. for every two lb. of milk 
yielded Ity t In* animal. 'I'Ik' roitgbagi^ ration consisted of 55 lb. of green grass {mixture of guinea and 
Napier grasses) and iliri'i* lb. of ragi straw per aaiimal ])er day. The silage was fed in part rejdacemotit 
of 1 li(‘ grass nli:^;ttlr^■ in the, norma,! ronglntge ration at the rate of two lb. silage for every three, lb. of 
grass, ({roup 1 reetuvisl silage from sngarca.ne tops alone, group IT silage from .sugarcane tops with 
mola.s.si's and group 1 1 ! received silage from sugarcane tops with mixture of farm gras,ses, while group 
TV remained as control, reci-iving the normal ration. On the first day of the feeding 15 U). of the 
nornial grass rat, ion was r(‘iila.(‘ed by 10 lb. of the [)a,rtieular silage in eae.li experimental group. On 
the sec>ond da,v il'J.l lb. oj'llie grass ration wa.s rephieed by 15 lb. of the particular silag'e in each ex- 
periiiient-al grouf). 'j'lirn'eaftcr llO 11k of tlie particular .silage was fed in replacement of 30 lb. of the 
gra.ss mi xtnre of tlie roughage in each of the ex})erimeutal groiip.s for one month. The control aninud.s 
ri'ceivcd i he. norma,! ration throughout the ])eriod of experiment. Also the dry matter of the roiigliage 
was main1a,ine(l at tlus same lovfd in all the groups throughout the period. The milk yield and fat 
pm’eentage of i-he milk was (d).servod at every milking and the average body weight of the animals 
wert‘ noted every week. The animals did not .show any reluctance to consume 20 lb. of either of the 
silages jhu' da,y, but they .se.mned to lilce the .silage made with the addition of molasses better tlian 
t.liat imuh' without molasses and l4ie silage made with a mixture of farm gra..s.ses was liked ]) 0 .st liy the 
animals. The molas.sos silagi' had a hei.ter aroma, while mixed grass silage was more acidic and softer 
also in lext.ure,. Tables 11 IV give tlie daily milk yi(dd average fat e.ontent a, ml the body weight 
of the animals riyspectividy. 


Table II 


Ihtilg ■mill yield (file animals in pounds during the experimental period 


nroiip IV 


33-3 

4- fi 

5- 4 
38-8 

0-8 

3-2 


33-3 

0- 3 
4-7 

31-9 

06 

1- 3 


IJ 


29-6 

0- 9 

8-4 
42-6 
O’ 8 

1- f) 
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Table IV 

II eight of the animals in pounds 


Morrison (li>44). Fml and Feeding 


Group IV 


Discussion 

'rho ioodinn of t.lic ,si]a^o to tJie cows does not seem to have, affected their milk yield. There 
wa,s no siulden clian^e either way in the milk yield in any of the three experimental groups. But 
there was a, gra,dua1 deidine in tlio .average daily milk yield in all the groups. The control groups also 
.showed such ii decline and heiuio tins common tall in milk production has to be attributed to advance 
in botli iac.tatmii and pregiuiney. Even if the fall in milk yield of the experimental group.s was due 
to f'lj« ^dage leediug, it is not statistically^ significant when compared to that of the control group. 

i lie iat percentage o I the mi11< also did not show any unusual change that could be attributed 
to tlie leedmg of the .silage. As is commonly observed, the morning milk contained less fat than 
the evening milk. . 

weight of thii animals also rennuned unaffected throughout the expiu-imental period, 
he general health of the. animals wore (piite satisfactory. There was no digestive or any other 
disturliance during the piu'iod Avhen the .silage Avas fed. ' 

in genora.1 the c.ows liked tlie silages nuide Avith mola.s.ses and Avith the 'mixture of farm 
beiter than that madi'. with ea.ne tups a.]ono probably becaii.se they AA^ero less dry and softer. 

Avas no adver.sc eilect noticed on tlie cow.s that could be attributed to the feeding of silage. 


Summary 

^ Silage was uiiule Irom snga.rc.*nie tops alone, sugarcane top.s with molas.ses and sugarcane, tops 
with a mixture of guinea and Napier gra.sscs. 

The mohusses and mixed gra.ss iiietliods produced more palatable silage than that made 
sugarcane top.s alone. 

sihiges produced no mlverse effect on the milk yield, fat output, general health and 
AAT.ight of milking cow.s when Jed to them in cjuantities upto 20 lb. each daily. 


Reference 


THE PRJ5HAETDRIENT MILKING OF DAIRY ANfHALM 

JJy Z.ih Pi. Kotuavalla ami A. J. L/1ZAB0.9, Imperial Dairy l{es(a-arcli Ui.xtilrulc, ISiiiijtnloro 
(Received for publication on 22 January 1946) 

'T'^ITE milking of a cow before calving under normal circiiinfitaucc.s is gcin'rally resorted to only wlimi 
1 the aninial is suffering from some iiddor trouble, particularly infliunmation of the uddor, 
which commonly occurs in high yielders and first culvers. As a rule this practice is objeeted to on 
mere sentimental grounds, as a measure counter to nature and because it is supjioscd to make. caJving 
more dilficiilt. Neither the merits nor the demerits of preparturient milking Inivc so far lieen ])nt 
to a systematic test on a scientific basis. 

Of recent years increasing attention has been given to this subject of premilking of cows, it 
has been claimed by its advocates tliat the practice greatly enhances the milk yield of the animal a.nd 
also reduces the chances of suhscqiicnt udder troubles, such a,s often arise in lieavy milkers. Espe 
[1038] states that the massaging of the udder is quite a common jiractiee to prevent the c.ongestion 
which frequently occurs at the time of jiartnrition. Webber and Turner [1929] have studied the in- 
fluence of milking pregnant animals before calving on their pliysie.al condition and tln^ well-being 
of the progeny. Thougli these authors state that premilking increases the yieJd of milk aft(‘r ])artm’i~ 
tion, they discourage the practice on account of its having adverse effects on the sei-.retion of colos- 
trum. The investigations carried out by 8ayer [193d | with the pedigree 8aliiwa] her<l at Piisa, is 
the only work done on the subject in India so far. This herd was e.stablished in 1901 and ma.inta.iiiefl 
under normal dairy conditions. In course of time a considerable amount of luhh'r trouble a, rose in 
the herd, which seriously a fleeted its nerformancc. With view to remedying this evil the iiractice 
of massaging the udder and milking the cows lieforo calving wa,s introduced in 19.32 ; after c,alving 
the animals were milked four times a day at e<(uaJ intervals instead of only twice. Fiirtlie.r, in the 
case of heifers the bag was massaged from about two mouths befm-e calving aaul tlu* a,nimals wei-e 
thorouglily accustomed to milking; \idieu tlu^ milk flow s|.a.rted, all the milk wa,s dra, wu out, .Vfl-nr 
calving, the same animals were milked from 7 to 15 times a. <la,y until they bega.ii to let down all the 
milk. As a result of tliese trials a good ina,ny adva,ntages liave been claimed, tlu^ principal ones 
being that the udder troubles altogether disap pea. red and the milk yield of the luu'fers and cows 
increased on an average by about -17 per cent as emnjia.rt'.d with ihe pnitivatmimt period. 

Whatever be the claims made for the adojition of ])rciuilking, oiui outsl,a.u(iitjg disadviintage 
of the practice persists and requires iurtiicr investigation, namely t.liat. tiio calf drojiped by the pre- 
milked cow does not reciuvo the valuable (miostruin, but Sa,yer {loo. cil.) in this connection claims 
that wliere the premilking of animals is adopted in a herd, tlu' pre<;aiving colostrum would be givmi 
to calves born to premilkcd dams but in case that is not available the calf should be givc.n linscc-d 
oil. ]3y this method he asserts that moi'tality amongst calw'S was dec,rca,sed from 4-3 to k I per cent 
within a year of the. ado])tiun of tliis practice. l)o\T,r and 8iva iSubi'amania,n [ I9;59| from an iniim- 
sive study of the chemical analysis of colostrum, ]ia,ve drawn atteiitioii to th(>. fuc.t that tlu* colostrum 
obtained from prernilked animals is deficient* in globulin ami asb to a, oonsiderabh*. di'gri'e a.nd they 
conclude from their other observations that the practice of premilking aaiimaJs is a harmful oiu^ from 
the point of view of rearing the newly born calf. 

In view of these eontliifiug views it was considered tha.t (Vi'sli evidener iqum wbidi the merits 
of the practice of prejiarturient milking could be judged was neeessa.i'y and the, iiivesi iga,tinn whieh 
is disoiisscd below wa,s undGrta.keii. 

Experimental 

The investigation in question was carried ont for two to three lactations on 8imi lii c.ows and Sindh? 
Qir and cross-bred heifers maintuiiied <‘it the Imperial Dairy Ucseareh Instiiaite. Hangalo?*?*. 

Promilkingof Gow!. (i) Twelve Sindlii cows were taken for the experiim'nt jind a.n <>(piid 
number of' animals were kept as controls. The iinirmds in these two groujis w(*re, m'ju'h' of the 
same age, weight and stage of hictation at the start of the experiment. All the. iininuils wcre'lu'altliy 
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fi.nd from iKkler ond other organic trouble, (ii) Tbe animals in tbe experimental group were 
i.alven to tlie calving shed about a month before they were due to calve and in addition to the daily 
grooming and l)ni,slimg, etc., the udders were massaged three to four times a day, (iii) When the 
udders begaii to fill out with milk, wdiich occurred usually about 10 to 15 days before calving, the 
milk' was drawn. The imiximum quantity of milk thus obtained never exceeded 6-5 lb. the usual 
av(‘,rage Ix'ing T7 lb. per da.y. (iv) Four days after calving, the animals were removed to the 
milking byre and milked, twic.o a day diiring the whole, lactation, (v) The control animals were 
treated in a similar manner exceqjt that their udders were not worked up, nor was any attempt 
made to draw off milk before calving, (vi) Particulars regarding milk yields of the lactations 
(xdbro and during the expfii'imont and the birth- weight of calves in respect of both the (3ontrol and 
oxperitiiental cows, etc. are given in Table 1. One of the cows in the experimental group died after 
completing one lactation before further observations could be made. A few animals had to be 
dispos(vl of during the third year of the experiment for various reasons, (vii) A record of the increase 
in the monthly weiglit of some of the calves during the first period of experiment was kept and the 
(igiiros obtained are shown in Tabic III. The calves of the experimental animals were fed on the 
milk <lrawn (Tom the respec.tive dams. No separate colostrum was fed to them as it was the inten- 
tion to observe incidentally the effect of the preparturient treatment on the offspring. 


Table I 

Prchiilking of Sindhi cows 


Average 
milk 
yield 
dnrint; 
the ex- 
lierimeiital 
period 
ih lb. 


of Uetaiion 

lautat.ions milk 

the animal yield 

No. of was in at previous 
animals the start to the start 
of till? of the 

experi- experiment 
ment. in lb. 


Sex and birth weii^jhts of calves 
born diirins the experimental 
period in ib. 


haetatioii milk yield duriip 
(lie experimental period in 


Serial Wo. 


l!ud.ation) 
l.itTh I 




4,105 Male: 47.0 Female : 44-1) 


Avrrdi/e 


ExepvrimeHtttl 


4,473 

4,057 

3,139 

t3,S89 

4,897 


Male : 53'1 Female : 44' 
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Freml'kmi of heifc)%s. (i) Forty heifers belonging to the Sindhi, Girand cross-bred herds were 
tahcii for study and after di^dding them into control and experimental groups wore subjected to 
sin\iiar treatment, as indicated above for the cows. In this case as the milking potentialities of the 
animals were not known it was rather difficult to evenly distribute high and low yielders. (ii) Alter 
the premilking was started, as in the case of coavs, the daily maximum yield obtained was 4*5 lb., 
the usual average being a))out 2*5 lb. (iii) After cahdng the heifers were milked four times a day 
for a week and this was reduced to three times a day for the following lour weeks. By this time the 
aninuds settled do Vvm and the milking was subsequently done only twice a day for the rest of the 
lactation. . (iv) The obervations made in respect of the heifers are given in Table II. (v) It was 
found tliat; out of 55 animals subjected to the prepartiirient milking treatment, four showed some 
luhler trouble and about 20 animals were slightly nervous at the time of calving. 


Table II 

PremilUng of Heifers 


Suml Xu. 

Xo. of t.lie 
anitiiiiE 

Lactatioii milk yicldK durinf^ Uie exj)erimental 
imriod (in lb.) 

Average 
annual milk 
yield 

durijiil f he 
exiieriincnf nl 
period 

Sex and idrlli vei^ditK oi'ealves horn duriiii' 
the e'xperinienl al period 

i . . 

Sltl 

1,721 

Sind 

hi heifers~-Om 

2,930 

trol yroup 

2,328 

M. 53 

M. Ml 

,1'’. 47 

2 . 

318 

2,608 


3,37.5 

2,989 

M. 88 

M, 40 


3 . 

SIC 

1,204 

1,010 

3,008 

1,914 

M. 48 

F. 48 

:,F. 48 

4 . 

317 

. ' 4,1B 

~ 

788 

561 

M,, 40 

,1'’, 47 

-F. 33 

5 « . 

81.8 

3,248 


2,521 

2,784 

M, 40 

If. 47 

O’. 30 

6 . 

329 

.1,045 


2,201 

1,903 

M. 42 

I''. 4-2 


7 . . 

381 

200 


322 

203 

M. 42 

'.!VL 47 


'8 . 

383 

. 828 

~ 

2,432 

1,080 

It 45 

M. 42 

,F..47 

!J . 

387 

4,700 


3,345 

4,025 

¥. 40 

M;. 42 


10 . 

389 

.'-2,542 


2,170 

2,330 

M, 47, 

M. 49 


11 . 

341 

2,347 


- - 

2,347 

M. 42 

,F. 42 


,12". : ■ . ^ 

343 

4,470 


- 

4,470 

O’. 45 

M. 50 


' 1'* ■ . ■. 

'347 

4,180 

_ ■ 


4,180 i 

M. 38 

„ ‘ - 



3f)U 

3,008 

~ 


3,003 

'M. 42 

l!'. 39 

- 

Avamijf . 


- 


“ 

2,020 

m:. 44 

F. 42 

- 

1,. .. 

294 

3,198 

sindhi heifers 

3,120 

—JSV'PmmenUi 
i 3,008 

’1 gronj^ 

1 3,308 

i M. 30 

F. 38 

M. .52 

2 . . . 

295 

911, !,.-di0. 1,400 

- 

! .880 

1,197 

M. 49 

M. 30 

F. 37 

3 . . 

2!Hi 

2,095 

2,404 

598 

1,717 

,K. 47 

Id. !>5 

Bi:. 45 

4 . 

297 

7,110 

5,886 

8,341 

5,448 

'K. 38 

V. 45 

M. 00 

S • . 

298 

2,235 

2,108 

2,077 

2,510 

:i'’. 44 

M. 47 

It oo"' 

0 . 

299 

847 

- ■■ ■ 


847 

F, 40 


■ _ 

7 . 

8<,10 

1,108 

1,031 

3,509 

2»069 

M, 53 

M. 49 

M. 67 

8 . 

801 

1,100 

- 


1,400 

M.39 

M. 00 


9 . 

302 

2,739 

3.734 

3,06!) 

3,381 

F. 45 

M. 03 

F. 50 

10 

308 

225 

1,074 

1,747 

1,215 

M,. 50 

M. 13 

F. 43 




Table II~cowfd!. 
Premillcmg of Heifers 


ai-rift iNo. 

N'o. of the 
iuiiiitiila 

Ijiic(iition milk yields during the experimental 
period (in ib.) 

Average 
annual milk 
yield 

during the 
experimental 
period 

Sex and birth weights of ealvos horn during 
the experiiiientrd period 




fiindM heifers — Experimental group 




11 . 

304 

200 

2,984 

3,610 

2,218 

M. 55 

M. 56 




059 

1,777 

— 

1,218 

M. 52 

P. 44 . 


i;i . 

309 

258 

354 

„ ■ 


M, 45 

P. 41 


14 . 

312 

1,156 


— 

1,156 

M, 43 

. M. 41 


25 . 

314 

940 

943 

3,127 

1,670 

M. 49 

M. 57 


J fl . 

315 

1,695 


— 

1,095 

M. 48 

F. 38 


17 . . 

827 

3,872 

3,053 

__ 

3,462 

E. 44 

P. 42 

P. 56 

18 . . 1 

830 

2,950 

3,002 

. — 

2,979 

M.44 

P. 57 

3vr. 66 

19 . 

333 

2,871 

_ 


2,871 

E. 40 

M. 43 


20 . 

335 

4,363 

3,240 

— 

3,801 

E. 42 

M. 48 


21 . 

338 

2,800 

_ 

_ 

2,800 

P. 40 



22 . 

340 

3,945 

3,971 

„ 

3,958 

P. 39 

M. 43 


20 . 

344 

1,889 

1,968 

„ 

1,968 

P. 38 

M. 39 


24 . 

340 

2,702 

— 

__ 

2,702 

P. 43 

P. 54 


25 . 

348 

3,395 

_ 

„ 

3,395 

M. 43 

_ 


2(1 . 

349 

2,185 

— 

~ 

2,185 

P. 45 

P. 38 

__ 

Avmige , 


- 

- 

~ 

2,360 

M.. 48 

P. 44 



Table IIB 


Serial No. 

No. of the 
nnimala 

Lnctatiion milk yields during the experimental 
period (in lb.) 

Aver.ige 
annual 
milk yield 
iluring the 
experimental 
period 

Sex .and liirth weights of nnlve.s liorn during 
tht* experimental iteriod 




Gir heifers — Control group 




1 . 

44 

8,604 

3,851 

„ 

3.727 

P. 37 

■ P. 47 

F. 44 

2 i 

45 

3,618 

,3,555 

— 

3,586 

M. 65 

P. 46 


3 , 

47 

1,623 

— 


1,623 

M. 56 

P. 62 


4 . 

50 

333 

3,548, 3,224 

— 

2,368 

P. 40 

P. 52 

P. 4.8 

5 . 

51 

2,890 

2,895 


2,892 

M. 50 

F. 47 

M. 51 

6 . 

54 

3,646 

2,446 


3,066 

M. 65 

P. 50 

h\ 60 

7 . ' . 

55 

3,279 

_ 

— 

3,279 

F. .50 



8 . 

57 

3,255 

2,764 

~ ' 

3,009 

M:.53 

P. 58 

_ 

Average . 


- 

- 

- 

2,943 

F. 48 

M. 55 





Oir heifers — Experimental group 




1 . 

34 

4,761 

3,134 

2,911 

3,602 

M. 50 

M. 64 P. 45 

M. 54 

2 . 

36 

■2,486 

2.(i75 

~ 

2,580 

F. 45 

F. 4,8 M. 55 


3 . . 

38 

1,074 

1 ,876 . 

1.875 

1,842 

P. .50 

F. 52 F. 54 

M. 46 

4... 

48 

2,600 

1,286 

— 

1,943 

M. 60 

M. 59 


5 . ' . 

49 

1,986 

2,189 

— 

2,087 

F. 37 

F. 45 P. 47 

__ 

6 . 

53 

1,870 

1,143 

— 

1,509 

,M. 52 

M. 54 P. 51 

_ 

7 . 

56 

1,042 

1,075 

„ 

1,058 

lit 56 

M. 53 


8 . , ^ 

58 

3,894 


. ■ 

3,894 

M. 50 

M. 55, 

— 

Average . 

- 



- 

2,304 

M. 54 

P. 47 

- 


56 


Freparturmu ivMmmg oj uiwry 


TabI/E 



Serial No. 

: 

jSfn. offcliH 
auhuals 

Lai:f,ation Jaill: yields (liiring Uia experimental 
I'Hrioil (in 111.) 

Averaae 
annual milk 
yield 

durhij; the 
experimontal 
period 

,Sex a nd liii 
tl 

til M'eiKid.'i of e;ilve 
f> experimental pt 

1 lioi'ii dni'ini: 
■iod 




Ctoss-bred heifers— Gontrol group 




I'".'' . 

000 

2,.S20 


- 

2,829 

1)'. 50 

F. 53 


2:.../ 

005 

3,700 



3,700 

]?. 47 

F. 37 

— 

3 . 

007 

6,047 

8,964 

. - 

7,805 

P. 44 

5i;. 50 •«. 52 

-■ 

' 4 . . 

on 

3,857 

3,547 

. — ■ 

3,702 

]i’. 47 

ii'. 50 M,. 51 

- 

5 . . 

016 

6,259 

7,084 

- 

0.(571 

P. 47 

M. 70 M. til 

- 

c> . . 

018 

3,068 

4,829 

- 

4,82.S 

M. 50 

M. 63 

- 

7 . 

020 

7,545 



' 7,545 

M. 50 

M, 60 

- 

8 . 

022 

6,990 j 


- 

6,999 

47 

F. 5,-) 


9 . 

624 

5,734 

__ 

- 

5,734 

F. 58 

F. 51 

.... 

10 . 

026 

7,291 

- 

- . 

7,291 

M. 50 

M. 00 


Avp.rage . 

__ 

— 

- 

- 

5,710 

M:. 50 

V. 49 





i'rmts-bvil hei fers — Mrp 

iriiiientid gronii 




1 . 

600 

4,402 


2,445 

3,423 

li'. 00 

M. 40 


2 . 

801 

3,015 



3,015 

F. 47 

1'’. 54 


3 . . 

002 

6,997 

7,075 

6,477 

7,059 

M. 02 

F. (i5 li’. 53 

M. 00 

'4' . ■ ■., 

003 

.3,040 

3,66.5 

3,641 

3,650 

F. 55 

M. 01 M. 5.5 

M. 50 

fi . . 

000 

5,144 

6,203 

- 

i»,V03 

F. nt 

M. 03 


6 . 

COO 

3,594 

4,215 

- 

3,904 

M. 42 

If. 58 F. 58 


:7 . 

610 . 

.3,242 ■ j 

2,480 

„ 

2..S61 j 

I’, 45 

M. 57 l!'. (.iO 

„ 

& , . 

• 621 

6,166 

. y_ . . 


6,616 

l>'. 70 

..... 


0. . 

623 

5,948 

- 


5,948 

M. 53 

.... 


10 . . 

625 

4,593 

- 

~ 

4,593 

F. 55 

M. 70 

_ -- 

Amrage . 


“ 



4,677 

F. 50 

M. 55 




All tlie experimental and control animals received the same treatments mentioned (dr each group. 
The animals were from the same herd, housed in the same plaw; a,nd looked after hy one of tlio authors 
throughout.* The calvings were distributed evenly throiigliout tlui year. 


Discussion 

Premilking of coies. From Table T, in which are given the results of the exp('.rirnent on the Rindhi 
cows, the following conclusions can be drawn : - -(i) For the lumtrol group the avera,ge annind milk 
yield in the year previous to the start of the experiment was 3,554 lb. Tlie coiT(^sponding a,vera,ge 
for the experimental animals was also 3,554 lb. The animals were, e.ither in their second, or third 
lactation when this investigation started, (ii) The experiment was (larried out for three, y(^a,rs. Tlie 
average yield for all the control animals during this period was 4, 1()5 lb. This showed am inci-isise of'^ 
about 15-5 per cent over the yield in the pre-experirnental period. This can be ex-plaimai by the fact 
that the animals selected were either in their 2nd or 3rd lactation and theiv.fon^ the incnaise, evc.n 
in the control group, during the period of experiment was tm be ex]>e('.t{'d. (iii) Tlie. rise, in milk 
yield in the corresponding period for the animals in the experimental groiiji was from 3,554 ib. to 
3,862 lb. or an increase of only 8*7 per cent. This would imlicate that tlu^ anima,!s in this gr(m]) did 
not fare so well as in the control group, and the preparturlent treatment instead of ladpingto increase 
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the milk yield Lad just tlie reverse eifect. y (iv) From the last column in Table I, it will be observed 
that the average weight of all the male calves in the control group was 47 lb, and of the females 45 Ib. 
The corresponding weights for the calves from thes experimental group were for male calves 52 lb. 
and for female calves 44 lb. There was thus not much difference between the birth weights of the 
exporimentai and control calves, (v) A more significant difference is to be found when the weights 
of individual calves in the two groups are compared over a period of twelve months. This weight 
•was recorded for some of the calves born during the first year of the experiment and the results obtain- 
ed are shciwn in Table III. For the sake of comparison the figures for male and female animals are 
given separatel}^ It will be seen that, for the female calves the' average weight at birth in the control 
group was 50 lb. and at the end of the first year it increased to 325 lb. In the experimental group 
these figures were 41 lb. and 285 lb. respectively. In both the groups the male calves started at 
almost the same level but while the animals of the control group had an average weight of *341 lb, 
at the end of 12 months, the experimental animals weighed only 308 lb. This is a very significant 
difference.. 


Table III 

Birth mid monthly weights of some Sindhi calves during the first experimental year 



Serial No, 

No, of 
ani- 
mals 

Weight 

At 

birth 

1st 

month 

2ncl 

mouth 

3rcl 

montli 

4th 

montli 

Sth 

month 

6 Ml 
month 

7tll 

month: 

i 

8th 

month 

9th 

montli 

10 th 
month 

nth 

month 

l-3th 

moutfe 

'Male 







1 


1 








Control . 

:i 

l.-Wl i 

48 

67 

90 

119 

145 

174 

203 

280 

262 

294 

315 

.8 86 

359 


2 

1,501 

44 

66 

89 

114 

189 

167 

201 

228 

249 

275 

294 

315 

345 


■ 3 

1,472 

38 

52 

73 

97 

120 

142 

169 

196 

220 

242 

267 

2«0 

306 


■ 4 

1,580 

49 

65 

91 

116 

145 


178 

205 

231 

264 

290 

315 

331 

3.53 


6 

8 

49 

73 

94 

117 

143 


170 

201 

232 

258 

275 

- 


— 


Average 

- 

45-0 

64-6 

87-4 

112-6 

138-4 

166-2 

195-8 

223-4 

248-6 

275-2 

297-7 

315-5 

340-7 

Experimental . 

1 

1,535 

46 

67 

83 

109 

132 

155 

179 

198 

218 

236 

259 

278 

301 


2 

1,630 

54 

70 

92 

112 

141 

168 

184 

201 ; 

228 

251 

272 

302 

324 


3 

1,583 

47 

68 

87 

109 

132 

168 

180 

205 i 

231 

257 

270 

303 

381 


4 

1,585 

50 

66 

83 

103 

124 

146 

171 

193 

217 

289 

260 

287 

312 


5 

52 

50 

68 

87 

106 

124 

143 

108 

192 

213 

280 

268 

270 

292 


6 

42 

42 

56 

71 

90 

106 

122 

139 

158 

179 

201 

226 

256 

286 


Average . 

- 

48'6 

65-8 

84-6 

104-8 

126*5 i 

148-6 

170-1 

191-1 

214-3 

235-6 

257-5 

232-6 

307-6 

Fmak 

















Control . 

1 

1,534 

54 

77 

99 

128 

152 


181 

204 

209 

253 

279 

298 

320 

338 


2 

1,569 

42 

61 

88 

118 

148 


172 

197 

223 

249 

271 

294 

316 

336 


3 

23 

56 

76 

101 

127 

153 


179 

201 

225 

247 

269 

296 

318 

339 


4 

131 

50 

62 

74 

03 

115 


138 

168 

185 

209 

230 

251 

269 

288 


Average 


50-25 


90-5 

116-5 

! i 

167-5 

191-25 

210-5 

239-5 

262-25 

284-75 

305-75 

325 

Experimental . 

1 

1 

1,564 

43 

54 

70 

88 

106 


125 

149 

163 

184 

210 

232 

285' 

272 


2 

1,565 

45 

56 

79 

X05 

129 


147 

173 

191 

212 

334 

251 

276 

298 


3 

60 

42 

63 

84 

106 

127 


149 

173 

194 

215 

^ 232 

264 

285 

304 


4 

4 

34 

45 

58 

74 

91 


119 

1 145 

162 

181 

1 202 

222 

243 

266 


Average . 

- 

41 

64-5 

72*75 

98-25 

113*26| 

135 

160 

117-5 

198 

219-5 

242-25 

265-5 

285 


H 


58 Pre-poMurient Milking of Dairy Animals 

PmnllJdng of heipr^i. (i) In the ease of heifers the general oonoliisions arc very siniihr to those 
ilisciissed above, for all the breeds studied, (ii) The choice of the animals foi.- the control and ex- 
perimental groups was made so as to ensure that the animals of the same age and weight winv evenly 
disiri’oiited hi the twu grou{)s. In spite of this, the average yields for the control animals ivcre. in- 
variably Jiigher tiiaii those for the experimental ones, (iii) tn the experiment with Sindhi heihers, 
the .‘Mmual milk yield for the control (over the wjiole period studied) was 2,52i> ib., as a, gainst 2,:IG0 lb. 
for the experinieiiTid animals, (iv) When the figures for only tlie first experimental year are coiupiircd, 
it will be ionial that the yields Cor the control and experimental groups arc 2,309 lb. ami 2,225 ib. 
respeanively, indicating a slight set bank instead of an improvement for the experime.ntal arinnials. 
(v) Most of tlie Gir lieifers were studied for throe years consecutively. Mere aJ.so the average aatiiuaj 
yield oi'2,oUl- [I>. for the ejqieri mental animals was found significantly lower wlien compared to riio 
figure of 2,943 lb. for the coiitro] group, (vi) Tlie average annual milk yields in the ca,.se of cross-bi’.xl 
heifers for the control and the experimental groups over the whole period of investigation were r>,Tl() 
and 4,677 lb, I'espectively, thus corroborating the results obtained with Siiidhi and Gir heifers. 

The results of tlie exjierimont bring out very signifie.antly the following poiiits (i) Preparturituit 
treatment in an intensive form and premilking of cows and hoirer.s do not in a,ny way rend to improve 
the miliv, yield of tlui animals so treated, (.in the other hand it ha.s an ad.verse eflcct (!S})e(ua]ly in 
the case of heifers, ddu' aiiim.ds Rtiidiial here might be, regarded :is moderate yielders and the re,- 
sults may jieihnps be slightly different in the case of heavy yielders. (ii) in the present- studies 
the animals selected were in good health, having no udder trouble, but it is quite possible that the 
pnanilking tre.atment may prove of bonetit where the a.uimals a, re predisposed to such troubh* a,s 
reported by Saver flOodj. (iii) A very significa,nt point brought out as a result of t-he present st-udies 
was the weak health of the calves born to cows wdiich had Ixam premilked. 'Phis is ilhisti'atc'd by 
Table 111. (iv) In the case of heifers it was observed that during the whole period of study the death 
rate of calves in the control groii]) wa,s 5 jier cent lower than that of tliose In tin* experimental group, 
(v) About 73 per cent uf tin? calves tliat died in tlio experimental group did so during their first month 
of life ; death was mostly due to digestive trouble. This demonstrates the im])ortance of feeding 
colostrum to new born calves, (vi) .Another important feataire noticed in i.he case of all ihe e.xperi- 
mental animals (cows and lieifers) was reteiitioii of the placenta. Prubahly premilking causes 
weakne&s of muscular contraction of the uterus at parturition with the result tliat tlie placenta is not 
expelled, (vii) It was found that premilking and 1‘requciit massaging of the. udder involved a 
considerable increase in the cost of maintaining (he herd, (viii) iSometime.s animals used to fnepient 
milking, when removed from the calving shed and put with the herd and milked only twice a day, 
tended to hold their milk. This can he attributed to the extra handling wliic.h the animals were 
accustomed to during the pre.parturient treatment. 

X 8umm:ary 

The practice of milking Binclhi, Gir and cross-bred cows and heifers p»rior to calving was in no 
way advantageous. This treatment did not in<;rcase the milk yield to an extent wdiicli justiliial 
the exti-a cost involved.' The calves of cows subjected to the treatment inv.-uhihiy faile.d to thrive 
as well as the controls and the mortality amongst them was very high. 
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T'RFSERVATJVE effect of COMIVION SALT ON THE DEVELOPMENT OE 
" “ ' ACIDITY IN STORED GHEE 

DJ t'iiAM) UiiAKMANi aiid Kaktak Sinkh Lobaea, Punjab Agricultural College, Ljallpur 
(Received for Publication on 16 May 1946) 

IK: hoL like India where butter cannot be stored for a long time, it is melted nito ffhee 

f (tt '-.ro.vent il'ecomnosition. The dehydrated and clarified butter lat is stored eitner in tins or 
om-Lhen [lots. d’housands of maimds of butter are melted into (j/icc every day in India. an<i its 

is an important nroblcm which requires careful attention, 

^Ihtr when stored for a long time, dcvelopes an acrid taste and unpleasant aroma winch render 
h-. unfit Tor eiiible imrposes and the acidity that finds its way into ghee during its prejiarafion, is con- 
dde‘'e<i to 1 k‘ tlie most important, if not the main cause of these developments. Moisture m tli. 

'a>V>.^'Muam,fheat.lighi,aiul air accelerates the development of acidity. 

' llam-iicc n,iid Ductut |li!381 louml t'le acidity of pte iiicii'ascd dimiig .storage iroiu 4 to 
•111 lisYs a( (V (' and moiu tam|,,orii.lurc.. Paul Arup [1929] found tliat i//«r. .stored m bottles httod 
; tl 1 iL- caps anti eot'k ,U.ses tor six years shotved a marked . eoreese ,n E.M. value and 

bere was a elosc oon'elation between the free fatty acids formed anti the loss ,n volatile acids. 

Mmlieba'ulaid ll'.KWI stutliisl tlie etleet of citric acid and sotlunn citrate on flavour ..roma 
anti kewpik q-X' ''f letter and tyte. He .atldcd these compountls iu the cream. The keeping 

'^'''''*'l!hxll)clo''uia Sail Gopal found, in one sample only, that salt acts as a jiiescrvative against the 

'■''■'’'ptXin "-tliods of storing ,-,7.ee in villages, the "nmon 

lidng fo'rtore it in tins or earthen pots. Common salt is nsetl as a preservative either in the form 

“ itiih a 'view’ to Syieg «« pre.servative efiect of common salt on the development of acidity 
in gh't; during storuge the experin.cnt described below was carried out. 

Experimental 

Ch r wis nreuared according to the country method which is desorihed in Allen’s OomiiicrcMr 
oJ.i imibilk (Fifth Edition, Volume II, page 431). It was further clarified and made moistme- 

yX’ V XmiXll''. th air tight covers were tltoroughly wmsM 

'"TTth'cMUfotXoXX’X and added 

used ■. ’V' of ate. The tins were covered with an tight covers and 

“miiSy for”; sXX 4 time to insure dispemon of ^er and salt. Five 
.laaiples of each treatment were kept. The experiment was arranged as follows . 

, Treatment 


i If) D 
a to 10 
11 to 15 
i t; to tio 
21 to 25 
20 to oO 
a ! to .‘55 
3(» to 40 ■ 
41 to 45 


0- 5 per cent moistiue 

1 - 0 per cent moisture 

' 1-5 per cent moisture . 

0*6 per cent moisture and 3-0 per cent, salt 
1-0 per cent moisture and 3-0 per cent salt 
1-5 moistm’e and 2-0 per cent salt 
No treatment - 

0-25 per cent butter milk . . 

0-25 per cent butter milk and 2 per cent salt 


i 
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Acidity in Stored Ghee 

AH these treatments were repeated using small earthen pots of almost of the same capacity 
1|- lb. and ^vith earthen lids except that butter milk wavS used at the rate of Id) jjei: cent and il-b per 
cent. Before filling the earthen pots the dispersion of water and salt was ofiected by putting incited 
ghee in a stoppered glass bottle and shaking it for some time. When the water and salt were we’if, 
dispersed the sample was quickly poured in the pot and covered with a lid and ciotii was wra|»|>^Ni 
over the mouth of the pot. The butter millc used was obtained from the College <iaiiy ami cmi1;ained 
0*2 per cent lactic acid acidity. All the stored samples were kept in the laboratory lor about liitCiVii 
months. The temperature of the- laboratory room varied from 34“F. minimum in winter to 1. li'iF’,. 
maximum in summer. The earthen pots were placed in 600 o.c. capacity porcelain dishes. 

The samples were tested periodically for acid value, smell, colour and taste. Acid value wa,g;- 
determined by the method described in A.O.A.C. and the taste and smell were judged by five Besearcli 
Assistants working in these laboratories. 

Sampling for analysis. Ghee was melted by placing the tins in hot water {40°C. to 45®G.), The 
tin was shaken well and opened. The smell was noted. It was then filtered at 40°C. through 
filter paper (Whatman No. 1). The filtered sample was tested for smell, taste and acid value. 
The results are given in Tables No. I and II. They are the averages of duplicate readings and 
in certain cases triplicate determinations. The difference betw^een the duplicate samples was 
very little and in many cases there was no difference at all. 


Table I 


Ghee Stored in i| 16. tins on 28th July 1943 ; acid value 0'f)0 


Date of analysis 

Treatment 

Acid value 

Treatment 

Acid value 

llemarkfi 

20-1143 . 

26-2-44 . 

0‘S per cent moisture 

0-62 

0-5 per cent moisture 
and 2 per cent salt 

0-63 

No change in this fameil 
colour^ and taste 


0-67 

0'6f. 

104-44 . 


0*73 


0-73 

Do. 

10-10-44 . 


0*73 


•73 


20-11-44 . 

1 per cent moisture . 

0-00 

1 per cent moiatims and 

2 per cent salt 

0-56 


26-2-44 . 


•«7 

0*66 


10-444 , 


•78 


O-06 


10-10-44 . 


0-73 


()‘73 




Acid value 

iginal sample 0‘35 



20-11-43 . 

26-2-44 . 

' 0*5 per cent moisture 

om 

1*5 per cent moisture 
and 2 per cent salt 

0-66 

Do. 


•50 

0-56 


10-4-44 . 


0-45 


0-62 


10-10-44 . 


0-50 


0-62 


20-11-43 . 

Control , 

045 


Do. 

■20-2-44'., . 


•45 




10444 , 


•56 




10-10-44 . 


0-66 




26-11.43 . 

0*26 butter 

0-39 

0*26 per cent butter 

0-39 


10-4-44 . 
10-10-44, 

milk 

0.73 

milk and 2 per cent 
salt, . 1 

Rancid amelb upieMaat 
' taste 


0*73 

1*18 
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L. C. Dharmani and Kartar Bingh Lohara 
Table II 


Ghee stored in earthen pots on 14th December 1943 ; acid value 0-67 


Date of analy.sis 

Treatment 

Acid value 

Treatment 

Acid value 

Remarks 

' 15-6-44 . 

Control 

0-73 




13-10-44 . 


1-01 




16-6-44 . 

0-5 per cent moisture 

0‘90 

0^5 per cent moisture 
and 2 per cent salt 

OM57 


13-10-44 . . : 


1-40 

•78 


16-5-44 . 

1 per cent moisture . 

0-95 

1 per cent moisture and 


All the samples gave 

13-10-44 . 



2 per cent salt 


rancid smell, un- 
pleasant ta.ste after a 


M2 


1*06 

period of about 5 
months 

16-8-44 . 

1"5 per cent moisture 

0-78 

1-5 per cent moisture 
and 2 per cent salt 

0*56 



13-10-44 . 


•91 

0*84 


16-6-44 ' . 

1 per cent butter milk 

0-78 

1 per cent butter milk 
and 2 per cent salt 

0-95 


13-10-44 . 


•96 

1-20 


15-6-44 . 

2 per cent butter milk 

1-60 

2 per cent butter milk 

0-96 


10-10-44 . 


M2 

1-04 



Acid value was expressed as milligrams of KOH required to ueiitralke acids in one gram of 
ghee. ' * 


Biscxjssion of results 

Ghee was stored at room temperature in air tight tins on 28-7-1.943. Tlie acid value of the 
original sample was 0*50 (Table I). The increase in the acid value w'as very slow both in the salted 
and imsalted samples. After a period of 15 months the increase in acid value was from 0-50 to 0‘73. 
There was no change in the aroma and taste of the samples. These results clearly indicate that ghee 
can be stored in air tight containers for a period of 15 months without undergoing any deterioration 
in quality. In the absence of air and light, moisture alone does not affect the keeping quality of 
ghee. The addition of salt, therefore, appears to be imneces.sary. 

Commercial samples of ghee always contain a certain amount of butter milk {lussi) and there- 
fore, samples were also stored with 0*26 per cent butter milk, and it can be seen from the figures 
in Table I that this amount of butter milk did increase the acid value though to a slight extent. Salt 
in the presence of butter milk enhanced the development .of acidity. These samples of qhce deve- 
loped a rancid smell after a period of nine months. 

Earthen pots. In earthen pots, the addition of salt checked the development of acidity, in ghee^ 
but, as the pots could not be made air tight, air and heat played their part fully. Samples of ghee 
kept in earthen pots developed a very bad smell after a period of five mbnths, inspite of the fact 
that the acid value was not very high. Besides the ghee oozed but of the pots during sumrae'^' 
and considerable loss occurred. The actual los.ses were not determined, but from the amount of 
ghee found in the dishes and on the outer surface of the pots, it wms judged that the 
storage of ghee in earthen pots during summer months is not to be recommended. 


Summary 

To study the preservative effect of common saltj ghee with varying amounts of moisture and 
butter milk (0-6 to 1*6 per cent) was kept in 1| lb. tins and earthen pots of the same capacity. Sait 
was used at the rate of 2 per cent of the weight of p/i-ee. 
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Acidity in Stored Ghee. 

The development of rancidity oi ghee was judged by the cliaraetei'istie aroma, acrid taste and 
increase in free fatty acids. Samples were tested periodically for i5 mouths. The results so for 
obtained show that a good quality can safely be stored in air tight tins unto 15 months without 
showing any signs of deterioration. The use of common salt appears to be unnecessary. 

It is ]iot advisable to store ghee in earthen pots because the acidity deyplopea rapidly and because 
the ghee oozes out of the pots during summer months and thus causes considerable loss. 
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AN ACCOUNT OF TWO SPECIES OF LUNGWORMS I ROM INDIAN 
GOATS * 

By M. M. Sarwae, Department of Food, Government of India, New Delhi 
(Received for publication on 15 Deoember 1944) 

(With three text-figures) 

^HE generic differentiation of species in the family Metastrongylidae is to a large exten^:- based 

_ on the shape apd arrangem.ent of accessory pieces. These organs are elaborate and present 
l aried features and this has -resulted in a considerable confusion in adoption of proper terminology 
^or lese structures. Looss [1905] applies the term gubernaculum to a structure defined as ‘ thick 
iroftn cnitmuous piece. . . .found embedded in the dorsal wall He thmks its function to lie in 
Clanging within certain limits the direction of the spicula when they are protruded. Hall [1921] 
utes the, word gubernaculum for the more or less longitudinal structure in the dorsal wall of the 
c oaca towards the anterior end and the term telamon for the ‘ structure of variable form near the 
c oacal aperture . Cameron [1927] applies the term telamon to the longitudinal paired accessory 
pieces and gubernaculum for the anteriorly placed unpaired ones, Gebaiier [1932] uses 
the term m just the reverse order. Schulz, Orlow and Kutass [1933] call the whole arrangement 
as gubernaculum and designate the three parts as capitiilum, corpus and crura. They apply the 
term telamon to a structure of variable form near the cloacal aperture. Such a structure has been 
pointed mit^in Varesirongylus pneumonicus by Bhalerao [1932], in Fneumostrongylus calcaratus by 
Monnig [1933] as a refractive piece of chitin which: rnoves with the telamon gubernaculum of 
Gebauer [1932]. In Pnemnostrognylus alpeme Dikmans [1935] refers to the above structure as an 
unpaired accessory piece consisting of two proximally united deeply pigmented portions situated in 
the terminal portion of the body. 

The arrangement of the accessory pieces suggests that capitulum, corpus and crura are intimately 
connected in function and modified accordingly in different species. In the species of the genus Pro- 
tostrongliis there is a capitulum and two pairs of corpus and crura arising separately. In Protos- 
trongylus austriacus [Gebauer, 1932] the crura are fused at their anterior ends, in F. pneumomcvs 
the corpus and crura are fused at their anterior and posterior ends respectively and capitulum has 
disappeared.^ In Dtdyocaulus filana (Fig I, a) the crura are fused and the corpus appear to de- 
generate while capitulum has disappeared. In the family Trichostrngylidae the appearance of 
giiberiuiculum suggests it to be the result of a more intimate adhesion of the crura. The capitulum 
and corpus, which are probably supporting structures to the crura when paired, disappear when the 
crura have fused as iii the genera Varesirongylus, N eostrongylus and Pneumostrongylus. 

In the following lines have been described two species, one under the genus Varesirongylus and 
the other under Profostrongylus. The protostrmgylus species was collected from a goat once only 
while the Varesirongylus species was twice collected mixed with V. pneumonicus, the latter species 
predominating. 

Varesirongylus capricola Sarwar 1944 

The specimens which consist of three males and a number of females were collected from small 
bronchi of a goat at Muktesw^ar. , 

Male has a total length from 15 to 18 mm. and a width of about OT 4 mm. at about the anterior 
ends of the spicules. Oesophagus is 0-275 mm. long and 0-05 mm. broad and is lanceolate in shape. 

Tlie bursa (Fig I, h) consists of two lateral and a dorsal lobe and the rays are disposed as fol- 
lows’: 


paper was r(>a(i belore the 3Lst se.s.sioii of the Indian Sciepce Congress held at Beihi in 1944, 



An Accoimt of Two 'pSecies of Lungworms 


Fig 1. a. Spicules and Giibmiacuhim 

h, bursa (F. capr'.cola),, 

c. Spicules (F. cwprkola.) B. act:e.-»sory Piece {V. caprlcoht). 

rays are the largest and undivided. Antero-laterals is divergent from the fused medio - 
postero-laterals. Externo-dorsal is a slender ray and arises independently. The dr>rsal ray is 
1 and ends in apparently six papillae. 

Spicules are 0'25-0-26 mm, long and are bent at about their middle. Tliey are Irifid at their 
posterior ends as in F. pneumonicus and are deeply pigmented. The cuticiilarized lamellae are 
coarser and heavier than those of the members of the genus Protostrongylm. It may, however, be 
remarked that measurements of spicules in 75 specimens of F. pfiemnonicus have shown them to 
vary from 0-42 to 0*45 mm, only. 

The telamon consists of two yellowish chitinous pieces having indentations on their outer edges, 
piece measures about 0-025 mm. long and is situated near the cloaeal a{)orture. 

Females resemble those of F. pnemnonicus except that the vulvar flaps a,r('. va^stigial only. la-iigth 
of oesophagus is 0*4 mm. and breadth about 0-065 mm. Vagina is 0-85 mm. long with the vulva 
situated in close proximity with the anus. Tail is about 0-05 inm. long. The eggs nuaisun^ O-OOb- 
0*07 X 0'03-0-04mm. 

Host ; Hill goat sibirica) 

Location: Bronchi 

, Mulrteswai'-Kumaun, 


M. M. Saewar 
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i’ig 2. a<&6. Poster’or end of females (F. capricola), c<&d. 
Gubernaculum (F. pneumonicus) 


Several genera have been created under the family Metaatrongylidae to accommodate numerous 
species with elaborate accessory structures of varied shapes and arrangement. An examination of 
material of various species can bring down a reduction in the known number of genera. Pmumos- 
trongylus Monnig 1935 and N eostrongylus Gebauer 1932 are closely allied to Varestrongyhts in their 
having fused crura and capitulum being absent. The spicules in the genera Varestrongylus and 
Pneumoslrongylus have coarse cuticularised lamellae and telamon structures near the cloaca have 
been described. The species described in the preceding pages differs from the only other species 
of this genus by the absence of the spindle shaped gubernaculum described by Bhalerao [1932]. 
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Protostrongylus indicus Sarwar 1944 

Male : Total length is unknown as no entire specimen was collected. Breadth in the region 
of proxin:al end of spicule is about 0-17 mm. Rays of the bui'sa are disposed in pattern characteristic 
of the genus. Externo -lateral ray is separate and is widely separated from ventral. Medio-iateral 
and postero-lateral rays originate from a common stem and are separated in their distal parts. Ex- 
terno-dorsal is relatively short. The dorsal is not studied in detail being folded beneath the body. 
Spicules are Ironi 0*42 to 0*5 mm, long and are characteristic of the genus with minute chitinoid 
fibrillations fringing their medical sides. The posterior end of spicule is devoid of fibrillations, is 
thinner and curved and presents a protrusion on the ventral side (Fig 3, d), The spiculax sheath 
extends beyond the ends of the spicules for about 0*02 mm. 



dn Account of Two Species of Lu.ngworm.s 


m 



Fi,' 3.. Frotostroiujylus indicus a. Posterior end, female ; 
b&c. Paired accessory, d. Posterior of spicule, 
unpaired accessory i)iece. 


The giibernacuhim in general resembles that of the other species of the g(nius. Ihe capituhmi 
consists of a central head with two arms directed laterally and then j)osl('riorly and two curved pieces 
with the keels directed dorso-laterally. Corpus consists of two shuuh'i lightly cuticularii^cd parts 
each measuring about 0'12 mm. long. The crura are more deeply {)igment('d aiul more* hea,vily cuti- 
cularized and each part measures about 0*145 mm. long. 

Female. Total length 'imknown. Largest piece collected measures 20 trm. long and 0*2 mm. 
broad near the vaginal constriction. Vagina is 1*525 , mm. long arid is f)rocef'de(l by a [U'ovagina. 
Tail is 0*09 mm. long and vulva is situated about 0*18 mm. from tail. Lggs arc 0*08-()*l mm. long 
and 0-035-0-038 mm. broad. 

Host; llill [Capra sibirica} 

Location; BronchL 

Locality; Lahore, Kangra (Punjab) 



M. M. Sabwab 6*^ 

This species may be distinguished from P. ocrealus, P. refescens, P. stihsi ami P. raiJMeti by the 
presence of a boot shaped accessory piece in the first and the presence of teeth on the posterior parts 
of crura in the latter three species. In P. macrotis and P. cap-eolm capitulum is absent, P. aus- 
tiiacns has proximal ends of crura fused. P. rushi lacks, a provagina. In P. rujyicaprae the curved 
arms of capitulum are directed laterally and the characterivStic curved pieces with keels are absent. 
The posterior end of spicule is devoid of fibrillations, is tbiimer and curved and presents a protrusion 
on the ventral side (Fig, 3, d ). A characteristic of P. indicus is the presence of a long vagina. 
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ORIGINAL ARTICLES 

(..oNJUxcTfvrris of shekp and ooats in india 

Hy J. F. SliiKLAW aiiu X. S. HA^KAUN■AI^AYA^^ Jmpem] Vetei’iunry Hesean'li Inslitiiti'. I/.a(?ia.;^ar 
(Ilocoiv(3fl for pnblioatlon on 8 August I U-tfi) 

' "‘ 1 . ■■ ■ ■ (With Plate ' 1) 

S i^^K'IKir i' 0 !ijunc 1 ivitis of slice}) and goats is knoivn tn evi'.t In Xorrh and Suiu h AiViea. the 
Funieh Congo, the Levant, France, j-iarts of the Idiitid Stales of America, in Ciimuay and in 
Aiistralia, and Xcvv Zealand. Coles jllKtlJ defined tlie rau.se of the condition in S. Afriea as a new 
.y erics of Iiickclisia [or whieh In' projjosed the name 7C f-ditjahdinr, and this a-tiological iind.ing 
is acce[»tcd in those ruuntrics where the disease e.vists. .\ci‘ordiiig to Donation and Le.'^toiiuaiii 
|l'd:U)| the disease is highly infections and presumably air-borne, .spreailiug i-apidly ihrough tioi-ks 
aiul herds thi'ongh the medium of oenhrr and iiH.sal di-schuru'es. One I'ye is nsually ailhcti'il. excep- 
tionally both, the (‘hief signs of the disease being intense ei'njuivtivitis with lachryniation and pho- 
to})hobia. hdic cunjuiietivfce of the swollen lids show either .sparse or liumci-ons line gj'aiiulations, 
and within a. few days of the onset of the disease, mueo-piis colh cts ar the inner camlius of the affected 
eve. In spite of tlu' sudden and somewhat alarming Ciirly signs of t.he disease, it m essentially benign 
in nature iind the great juajority of casi^s timd to recover s]»untiineously within tea days la- so from 
rh(' onset of the affection. In some cases, liowever. keratiri^, develops am! panmis-like h'sinns are 
seel), i.f. invasion of the eornea by vascular stems intiltraring tVom the corneo-scierotic margin. Cor- 
iH'al 0 |wity is a fairly common .sequel in these case.s, and. if ir be acconijianiod by uh-eratinn, there 
alway.s the danger of a .secondary bacterial infection of the inner eye. 

Diagnosis is said to be relatively straightforward. The di'.ea.so i.s usually easily transmitted to 
healthy sheep or goats by rubbing a little of the infective eye discharge over tlie healthy eyeball, 
[ireferably after mild scaritieation of the conjunctiva,. The incubation jieriod is 2 — 13 days. Tlie 
causal organism, IL conjumUtKe, i.s [)leun)orphic, and spherieid, semi-elliptical, and coeco-bacil- 
hiry forms, the latter possessed of a central clear zone, are .seen within the cunjunctivml cells. These 
forms stain a light blue or lilac in (4icmsa preparatioirs and are Gram-negative. The parasite mea- 
.'•aires 0*1 -d-op and the average .‘lize of cocco-hacillary form.s is about O-fJp, In .some ca.ses. hunse- 
.shoe forms of the parasite j)reduminate within the celi.s. and the.se are coiisiderahly hirger. nieasurinu 
up to The infection of the epitin'iial cells may ])e massivi'. the majority being fleusely packed 

with organism, s, or clusters of the organi.sni may be sitiiatc-d at the aiigie.s or mai'gins of cells : or, 
the cell infection may be .sparse, witli only a few organisms .scattered Ihroiighout it. A few small 
clumps or stray orgaiiism.s may uceasioually be found outsid.* the cells. |)os.sil)ly liberal ml through 
rujiture of the cells, and a few may be found within j)olymorj)hunuc]ear leococyLes which are, generally 
jiresent, but phagocytosis is, on the whole, feeble. There are two main fallacies to he ginu'ded against 
in diagnosis. Uiekottsia-like organisms, .so-calieil Fiu-ke.Udoides, are not infempiently seen in the 
conjunctival cells of healthy sheep and goats. These cn‘ga,ui3ms..are cumsiderably larger than /?. 
(vnjuHctlvw, and ari' not so pleomorphic but .spherical, if of souievvdnit irregular contour, aud are 
usually scanty witldn the conjunctival cells. The' organism is aj^parently feebly pathogenic. The 
second fallacy is that pigment granules are commonly seen within the conjunctival cells of sheep 
and goats, whether healthy or aifected with the disease. However, tliese granules are easily differen- 
tiated from rickettshe by their golden-brown colour. 

0BSERVATTON.S AND RESULTS 

In January, 1941, tlu- Verermary Investigation Officer, Bihar, drew atte.ntioji to a similar di, sea.se 
of sheep aud goats in that jjn)vince. This Officer obtained some preliminary evidence as to its trails- 
missibility but on rejieated to.sts, found ‘ that quite frecpiently the iu.stiiiatioa of mixed ocular and 
na,sal discharge di<l not refirodiice the disease, even after a lapse of twelve days'. Early work at 
this Institute indicated that the disease was a specific rickettsial conjunctivitis and this finding was 
recorded in the Ana ml Iteporl of the Inslihite [1941, as yet impuhlishedi. Since then, two papers 
have appeared— -by Naiida and Abdussalam [1943] and Abdnssalam j 1944] -which indicate the 
^ 69 ' ' 



('oujuHffivitis of Ske(’‘p and (roats in Indifi 


Sheep J. 'riii.s aninu'il was affected with a severe, bilateral conjunctivitis with keratitis and pnunus 
foniiarion, tlie cornea <n ]»oth eyes bulging and being quite ojjaqiio. Nu granulations were seen 
wdthin the eonjunctivee <d‘ the lids, nor could rickettsise be deinonsiTal cd within tlie conjunctival 
cells. .However, nunni-ous polymorphs and Grarra-positiYe diplocoeci, many ]diagocytosed. were, 
evident in such coiicenti-ation as to suggest a pure bacterial infeiffion. The animal evas destroyed 
and botli eyes dissected. The anterior chamber contained a few fibrin shreds and the aqueous hunrour 
W'as .slightly cloudy. !>ut neither eells nor organisms could be detected on lilni examination. The 
lens, ciliary body, iris and inner structure of the eye appealed uornial. and I he vitreous was clear. 
Sections of the eyeball Taken from the om serratu of the retinal coat through the ciliary body, iri.s 
and cornea, after formalin fixatijm and staining by haematoxjdin and eosin, sluwed irido-oycliti.s 
and interstitial keratitis wilii intense eosinophilia, strongly suggestive of a parasitic infection. How- 
ever, no nematode parasites could be detected in sections .stained by Gienrsa or Lceffler. The vitamin 
A liver reserve of this ease wa.s witiiin normal limits. With material from this animal, tw’o .sheep, 
with apparently normal eye.s, were inoculated in the anterior chamber of the eye with a few drops 
of mixed afineous-vitreous humour. IS'o reaction occurred in either animal over 85 days of observa- 
tion. 


J. F. ShTRLAW and X. S. 8ANKARN*AR--iYAX 
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K.\A.MJ^-.\T]0X F(j 1. KiCKKTTSlAE OF XOEMAL EYKS iiF SHKEP. f.OAT.S A.N!-- Eli.L rATTLK 

A H<K-k t>r .’in slie.ep and a, herd of 29 li-oats niaiataiuHtl at Li;e in-tit iilo \\ei:c 
'■‘A'afriincd lor (‘vidniice oi‘ ocidar disease ; witli one exception, a goat atiecl'.'d v, iih e utiiuiteml, piu'u 
'f*nt conjniu'liviiis. noju* slioweil any sign of active or latent conjunctivitis, kcw-rttis oj- gnumlations 
.vitliiti ti>e conjiinctiYal nteinbrane suggestive t)f rickettsial infection, t'onjnnftivrd hlins iroin ’i'l 
of the goats (iiicliiding the ease of purulent conjunctivitis) and in of the -freij wore examined 
for riekettsiac 'fhese, were demonstrable witiiin the conjunctival <'elis of evci v cas«>. 'rhe «'xteiit 
of the infection was variable ; in a few cases, it tvas well marked, u]t to «t0 pei (amt of conjunctival 
ceils harboinkig the organism. In ino.st cases, the organism was found in ;ibonr 10 per cent of the- 
c.ell.s. In four goats, the infeciton was light and some search was necessary to o-nnoii.sirate the. orga- 
nism. The extent of tl»e infection within the cells was Auu'iable in individual tiim-. Some cells were 
dens(‘]y ])ackedAvith organisms (Plate 1. fig. U), or they were present in ciu.-Ters chiefly at the 
margins of cell.s. Oc(‘asionally, a few small clumps were found extrac.eliularly. apparently liberuied 
by the. deg'(;neration of infected cells. However, cell degeneration was nor a conspicuous Icatiire,^ 
ami even a inassiv(M'ell infection seemed well tolerated. The morphology and staining aflinity of 
the organism conformed in detail to the cla.ssic description of h\ ronjuiirJim. Meutrophils were 
oc.casionally seen in eonjunctival lilins, and in a few cases Uram positive dipjoc«tcci, many vvithin 
the ])hagocytes. In the .solitary (-ase of conjunctivitis, rickettsia? were evident within the emijunc- 
tival cells but this tinding was overshadowed by an ap])arent ))acterial infection. Whilst in some 
Aims, neutro])hils were ])rescnt and a])]>arently unaccompanied by bacteria, we did not comsider that 
.such cells were a concomitant feature of the infection ; and, when present, they a])peared to have 
no numerical relationship w itih the extent or intensity of the infection. In two ol live hill cattle 
examined. MO j)or (‘cnt of tlie eonjunctival (‘clls were inflected with riekettsia* In the veniainde]*, 
cell infection Avas light but definite. Fo morphological or iinctoriai dirfeecnlialioii could be. 
established between the cattle ami the goat organism. 

Examination of <'.\sks of hi '.man tkachoma 

This was undertaken to compare Hie morjihology and staining atimitic", uf tlie goat oi'ganisiix 
with the human one. Eight cases ivcre selec.t.eil for examination, one an early .ar-tive infection, three 
advanceil ami chronic, and .four old ami actiia*. Kicketteim were determined witliin the conjunc- 
Hval cells in every case, the intimsity of the inlecHon varying in different ca>es. a]>parcntly inde,- 
neiidentlY uf the c!ini('al activity of the condition. Aio distinction was ixi.-.siltle hotweeu rhe human 
and tlie, goat forms o.t the parasite. 

! )isuiJs.sniN 

The scope, of this investigation has Is'cii limited. (July on two occa.sious have we been notified 
of casts of conjuncti'vitis in sheep and uoats in India. Kmiuiries from W'tennary Investigation 
Officers in the, proi'inces (other than the Piinjal)) indicate 1 liat tJie di-i'.a.^e has not been observed and 
a careful snnuy is obviously called for. During the war years, a large number of goats and sheep 
have ])ussed through veterinary in.sjiection at mea,t deliydration plants and army depors conemiied 
with the collection and dispatch of these animals for tlie supply of uiear in the eastern theatre of war. 
We had rcceiitlv an o])portunily of vi.siting one of tliese goats and .shoe]) collecting depots where 
among thousands of animals we saw no evidence of the disease. The t.raffic in gi.ats and sheep 
during the war ycau's throughout northern India to those collecting dcjjots has been so enormous 
that tlie animals in the depots have been a fair random sample of tlie goat populalions in tliis part 
of India. We have had reporte from the dc])Ots of every disea.se to which goats ;im t sheep are. subject ; 
yet, only oil one occasion have we had a report of conjunctivitis. A diagnosis of rickettsial con- 
junctiviiis was made on examination of conjunctival films from a few ca.ses. but this small outbreak 
cleaiH'd up before a field investigation could be undertaken. We have also seen a few scattered ('{ises 
of keratitis among sexeral thousand goats passing through a large meat dehydration pln.nt in the- 
North 'West Fi-on'tier ih'ovinee, but nothing in the nature of an oiitbi-eak of the diseasi^ : indeed. 
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Coujunclivitis of Sheep ani Goats in India 

fcl'i* aicuU-ncf' ui' rhr‘ utlVctioii was so msi,iinii:iount a.-^ to occasion no njiumont Uy tha iucnl Vet(;riuarv 
Otiift'rs and ii voaji,! r‘“rtainiy iiacc [aisscr! Jiiniotitad had we noc Iseejj parKculaviy on t!u' look- mir 
for it. Nor ha\'e r', e encountered the affection in the many Inaidred.s of o'oat'^ u.'^ed in .orperimental 
work at thu in.'^titace owr the last fotm year,-. 

In our JiniiU'tl iiiVt‘.-tioatioii into the ietiulouy of conjiiin-iivitis and keratitis of .sheep and ^oat,- 
iii Bihar, we arriv'C'.i .\r the eoiu'lush>u that the eonditiun Inul much in common w it h the similar (hNt-ase, 
dcscrihod iii thes^- anim. ds by { 'ole.^ | L9d!]. m;<I that tlie cause was ft. wnjniuiira. it is true i iiat the 
disea.st' v'.e Iii'.'e-iieaicd was chnlcaiiy .-ijiiilaj to that iltserihed hy Coles, am! that It. coitju^irlh'ii; 
was identiried iii <,ee of the sheep from }>ihur and in severai ca.ses of the same disease in yoats oeem - 
ring at an army n.opnr iii 1045, hut we are now hy no moans eonv’inced ofthe iotiological rt'Iationship 
of tlie.se orgaiiisjn.'. 'i'here are two main reu.son,s for unr doubt. t)rganisms w hiidi (‘amiot he difft'ivnt- 
riated fiom It. on morphoiogicai characters and staining affinities have been demoiis- 

strated within ilic .■(m.juuetival cell- of evei v goat and sheep and of tlie few hoyines that we hus'e 
(WaiiiiiK'd, ;iiid, with one exception, the eye- of all tlio animals selected foi- exaiiiiiiation were per- 
fe.ctly healthy. iini'e ?!o doubt that, if we e.xtemh'd our examination, the tmding would be 

practically imiver-al. Iti the second place wc hiiled to infeet the conjunctival membrane of normal 
sheep with ociiliu- di-eharge frc»m a frank ciise of eoniunctivitis in a shee{t from Bihai' in which R. 
conjmicf iv(c wa.s identified within the cmijuiictivid ceils. This experience confirmed the work of 
the field worhej'- in Biluu’ and is eonti-ary to tlie experience of workers in other eomitih's on riclo'tt- 
sial conjunctivitis in .small ruminants. One possible explanation of our expcrieni’C is that the infec- 
tion is really ubiquitou.- and latent in the sheep and goats that we have worked with, even if there 
are no apparent sub-tdinical lesions. 

Abdussalani [1944] found i-ickettsiie similar to R. ronjiotciiotr within the conjunctival cells of a 
buffalo affected with cunjunetivdtis. but makes no comment on the examination of healthy eyes of 
the same animal s]jecie.s. He also recoixls that, on examination of the eyes 24 of Malvi 
goatSj chronic tracliuina-like lesion.s w'ere found in every case and rickettsia' identified vvitldn the 
conjunctiva] ceils, although there woi.s no outward apjiea ranee of eye affection .such a.s keratitis. He 
considers that these animal.s had suffered from a more acute form ofthe di.sea.se in their kidhood. and 
that in the adult thds hail reached a stage of idironicity. No systematic c.xa mi nation, however, of 
Mds in the area vwu,-^ undertaken. It is also notevvoj-thy that no transmission experiments with materi- 
als from the Malvi uuats could he carried our. as ’ eiuRjected (/nal.s r.ould not he matle orniUihlv ' . It 
is not t|uite clear from this staiement whetlier all fhe goats in the area wore afleeted with specific 
conjunct/iv'itls, or ,'mu[dy vv’hcthcr R. roi/jnnctird infeetimi could he (hiterniined witliin the conjunc- 
tival cells of the.se goats. If the latter, if agrec.^ witli our own otwervatiotLs. In the eyes <4' tin- 
normal goats and slu-ep vvhicli we examined, and in wliicli we found rickettsiie conforming in type to 
R. conjvn<‘iU(e, we have seen no signs of pei'sistent and chronic trachoma-like lesions. Aeeording 
to irifonnutioii received, siih-clinical trachoma i.s a prevalent affection among the Indian population, 
und, even in apparently normal eyes, can he tletecled hy .slit-lamp examination of the v'csscls of the 
limbus, it may well be that a more careful examination of the eyes of goats and sh(^e[) on tlmse lines 
would give a more accurate interpretation ofthe finding of R. conjunctirff , within the conjunctival 
epithelium of these animals tliougli, on naked eye examination, there is no evident ahnonnality. 
It may well be that the latency of the animal disease is similar to what has been observmd in the 
Iminan population, I'u this connection, it seems worth (‘inphasisiiig the stateimmt of Beveridgv 
[1942] that, although ir has not been po.ssible to prove the mtiological role of R. vonjnnctii)f£ in con- 
tagious coiijuiHu iv iti.s of goats and slieep, there is strong justification for accepting it as a working 
hy])Othesis. If. Imuev’er, fhis po.sition be accepted in respect of frank clinical eases of the <lisease 
in which the organism can be identified, what interpretation can be voiiehsafed for the identification 
of tlie parasite in la.-es where no clinical disease exists ? 

There is om* last point. Contagious <*onjimctivitis of sheeq) and gnats has been deseriix'd as a 
superficial infection, and yet, although little work seeras''tu have done. <m tlie essential jiatJioiogy 
ofthe condition, tiiere is some evidence that the deeper structures of the eye may he involved. Thus. 
Coles [1931] describes lesions of iiido-cjclitis. It is not clear whether this lesion is c.onsiclered a direct 
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oafttaf “i *l<ettsial infretion. („it the fjHttsis .,f the lesion is 

iwtiioh.eiealh-. ’ * fluc-idation. As statwl. we eneounleiwl this iesioii in rmc case examined 

BiTMMA'RY . . 

rroles lVip‘evi!ts “p'r" n";'*''* I""' «’innaral)le with rickettsial cujimctivitis 

linnl ol-'suth clses ''-itliin the cells of the conjunctival epithc- 

iV' otetinisin indiffcrentiahie in inoiphological characters and staiiiine affinities from P 
a^'ramion" and ' if nlnd,"w,tr goats, 10 sheep and tiw Idll cattle seieotfi 

o,yes showed no ontw!^ signed Xear'^ ’' the 

traclionm V.t’mini'd.*''’'''" cells of eigi.t oases of human 

1. Jasions ol irido-cvciitis were Tfetei'iuined in one clinical case in a sheep. 

oenhorlkcl, ' "'‘'c ‘■‘■'"’•'‘initted to sheep with outwardly healtliv eyes bv means of 

oeul 0 discha ee Iron, a diseased animal or by close contact in a small shed over a. period of 

goat :u,d\s'i;.V;.1n,s «Himctivitis m the Indian 
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1. R conjunctwae within epithelial cells of 
goat affected with conjunctivitis (Leitz 
objective, 8 ocular) 







Fig. 2. R. conjunctivae within epithelial cells of 
unaffected goat (Leitz i objective, 10 
ocular) 
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A TYPICAL THARPAKKAE COW 


Mapji- By bull Maliaraj out of cow Phijji. Mapji is a second calver, gave 
7,009 lb. milk containing 5 per cent fat in bcr first lactation of 306 days. 


Pliijji gave 10,232 lb. in lier third lactation and lias given 48,428 lb. milk 
in six lactations and is now in her seventh. 



- EFFECT OF FOFK TliJES MILKING iUS’O HANDLING UN THE FIELD (W 
MILK IN rows OF THE THABPAEKAi; BRKHD 

]iy Ji, i'AiU,’ and S. Bex. Imperial Agricnltui'al Keneareli Jnstitutc. Delhi 
(Received for publicTition OH 20 Sqjtmaber PA4H 
(Witli. Plate II and three text tigiireA) 

r^HD fvcijiieiu-y of Hiilkinp lias eoiLsitlevalvle eftV.et on rlie .secreHon of milk in dairy cu\v,s. Ka^Fdaie 
^ (‘t ol, | observed tJiat tlie longer th(? interval bettvoeii iniikingH. Idle le^^a the speed of" milk 
■secielion per unit of linm. I'iiey {band that if tin* umouni of milk seeveted during the ilj-st Lour 
wer(> rujmesmUial as Did 'per cent, the amoant secreted in eiudi succeeding Imur would ht'. 
ly hd pc)' cent^ of that .secrered thiriug Die pre\'ioii.s hour. Woodward [DKil] held that relief from the 
pressure of milk within tdm udder as a result of freipient milkmg niloued beeietion to juoeced moK 
freely.- idamniond } Dlihi] found that Die retardation of thi rate of seerelioii and the linnl cassation 
of milk iirodw-tion 'vere caused iiy the pressure cj-caterl In- the an-uniiilated milk rather than the 
ehemical effect iif its eonstitiumts within the udder, hpe lD)li] has siressed the iieee.ssity for in- 
termittent period, -> ol' intrani.immaiy in ordei ro stimnlate milk sicretion and advocates 

that the maximum milk production can he secured In frequent milking and thu.s preventing an 
acciiiniihition o.l indk in the udder. Isjie and liainmund are also ol the opinion that the pos.sibility 
of milk or fat being secreted into tlie blood stream during jicrioils of high ini ramannuary jtressure 
ap])eui'.s im[H‘ubable._ Ijuiflett j lU2hj sliowed Diat the yields of milk aiid fat at morning milkings 
alter a long night iurei’\-ab altliough greater in anmnnt. wei-e not in jiroportion to the interval of time 
between the respecti\'e milkings. He attributed the cause to reahsorptiou of milk taking place cUuing 
the long night interval. To av'oid this depj’e.s.sion and to olitain ojitiinum re.snlts he sugg(?sted the 
Hliortening of the long night milking interval. 

IhxvnitJiurfiNr with Tuauparkah cons 

All exjierimeiit to compare, four aud two times milking on Tharparkai- cu\\^s maintained at the 
Kama] fclub-station of tlie Imperial Agricultural Jie.sea,rch Institute was started in 1930. Twenty- 
four cows wore .selected for this purpose. Host of the cows had eompieted their lirst lactation.s when 
the expemiieiit was .started. As one cow die.d. data were availahle pertaining to eleven cows under 
four times milking and twelve cows under Iavo times milking. 'Clie cows under four times milking 
were milked aud ’ handled Die udder was massaged lad‘(»i‘e calving for aJwut ten minutes every 
^*".'ipday for a period of in to 20 days aud reguiaily milked once a day as soon as milk secretion started, 
following the practice imroduced by 8aycr {D):H]iiithe Mahiwai he.rd at Pusa and subsequent 
f' continued with the same herd a.t Delia a.s a standard piuct,ic.,>. 

Ration-uuj, Roughage, s were fed ad lib. iu tite fomi of bhttsa (luTii.sed oat. and wheat straw), 
green sorghum, green cowpeas. green her.si-em, .sorghum .silage and berseem luiy t<j provide the nutri- 
ents required for ‘maintenance of aiiiiiiais of weights varying from 750 to 1.200 lb. Concentrates 
were fed in the proportion of one pound concenti'ates for every two pound.s of milk yield. The com- 
position of the coneeiiteite ration wa.s geuera.lly ms follows ;■ -cnislied oats 48 per cent, crushed gram 
32 per eeiit, crushed groundnut cako 12 ptn- emit and enishei! liu.seed cake 8 per cant. 'Tu this mixture 
was added steiilisid bone meal and common salt each at tlu' rate of j I lb. per lOO jb, of th<^ mixture. 
The above gives a I'uncentvate ration wliich provides 08*00 per c.eiit starch equivalent and 13-71 pgr 
cent digestible protein, be., 0-:M it), ofstarcli equivalent and 0-(K)8 Ih. of digestil‘)]e protein per pound 
‘Puf milk against the standard requirement of O-MDl Ih. of sta,i‘ch equivalent and 0-0.51 lb. of digestible 
protein per pound of milk containing five per cent fit [Ken, 1938 1. 


Statistjcau Analy.sis ok the Data 

In their prc-experimental first laci‘a,tions, eight cows were under two times milking, wliijc another 
s .set of eleven ct>\vs weiv under four tifues milking. Of the remaining four cows, three had compb-t,.,] 
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tiiree lactations and ouc cow four lactations wken they were tak(^n into ilio oxpc!‘iuuni(r - two under 
four times milking arid two under two times milking. 

In the, statistical examination of the data, the average milk yields per day (wet period only) 
of the first set of eight cows as shown in Table I are first considered. 

■ ' Table 1 ■ „ ■ ■ ■ . 


Avemfjc milk i/idd [irel period) in lb. per dap of eight eoim tiidlked twice a. dag in. their pre-e.r.pe,rioi.ciUal 

jirst lactation 



■ .i 

buriiig xire- 




i 



X;mu' of vow | 

(■.xperimental 

During expci'ijutndnl period j 

ilOil 

.n 


i 

period 










1 

1, : 

j 2nd Iji-ietiition 

1 3vd Laetation 



Milked 2 l,iiue.s j 
under experi- 
ment 

Milked -1 t ime.s 
under i-xpc-ri- 
ment 

j 1st Laci 
1 Milked H 

(idioii 
! times 

Milked 

Milked 

Milked 

' Milked 

2 times .milking 

4 times milking 





2 time.s 

4 timcis 

2 times 

4 times 



1 


3 

4 

■ 5 

(i 

7 

8 ■■ ■ ' 



Urji . . 

[ Lani . 

19-98 

l()-47 

Aborted 

18-17 

19-80 

18-05 



Larzi . . 

1 Utakni 

18-42 

l5-9« 

15-32 

24-13 

10-09 

23-09 

14-92+1-035 

20-35+ 0-»68((/) 

Qabdi . . 

; Kali . 

Ifi-29 

13-84 

9-85 i 

17-34 

14-40 

lS-17 

14-68 


Lasni . 

j L'shni . 

14-12 

Xomilk 

13-70 

20-77 

.15-22 

21-90 




io) (C) (7) (S) 

A A A A 

f — +10-32 —0-45 +13-24— 10-Sl)zh<>-223 2»-‘J(5i-.6-722(i) 

Percentage iiiemiiHC {+) or decrease ( — ) overj — 10-83 +51-19 — 12-05 +48-43 *F~19-89 

first lactation I -39-53 +25-29 —11-00 +31-29 

k —2-97 ... +7-79 ... 


(tt) Reyreseuta ail im-reuso of 30-4 iier cent over two times milking. 

(b) Ecpre.sents an increase of 40-9 xier cent due to inoreasixig the froqueiuiy of milking from 2 to 4 times. a 

♦ Variance ratio, highly .significant in both, the eases. 

The names of cows which were milked two times daily in the experiment ar(3 given in column 1 H 
of Table 1. Similarly, those milked four times in the experiment are given in column 2. It will 
be noted that all these cows were milked only two times in their pre-experimentai first lactation, the 
average daily yields of which are given in columns 3 and 4. A comparison of these two groups, 
columns 3 and 4, shows a higher average for those in column 3 than those in column 4 by 1-78 lb. 
Columns 5 and 7 show the second and third lactation yields under two times milking of the cows 
named in coluiim 1 during the period of the experiment. (* Urji ’ aborted at her second calving « 
and gave no milk.) Coliunns 5A and 7 A indicated the percentage decreases or increases in the average 
milk yields in the second and third lactations respectively of cows given in column 1 over their first * 
lactations as shown in coluiim 3. All the cows so far considered were milked two times throughout, 
i.e., in their first (pre-experimental), second and third (experimental) lactations. 

Columns 6 and 8 show the milk yields under four times milking during the oxperiiue.nt in the 
second and third lactations respectively of the cows named in column 2. Columns OA and 8A indi-^ 
cate^thejpercentage increases in the average^milk yields in the second and third lactations respectively 
of the cows under experimental four times^milking namedjin column 2 over their pre-experimental 
first lactations under two times milking given in column 4. The percentage increases not( 3 d in columns 
6 A and 8 A for the second andlthird lactations respectively are due to (i) 'the ad vancing age of the 
cows and (ii) increasing the frequency of milking from two to four limes, Tlu'reldre. the dilfereiK-e 


between the average values of columns 6A and 8A and of coimnus 5A and 7A re}>resent;s tlie average 
percentage increase due only to increasing the frequency of miBciug from tv o to four times. 

It will be noted from columns 6 A and 8A, cows under four times milking, that increases in yield 
N' {living from 10-32 to 51-19 percent have been obtained in the second and third lactations which 
may be taken as normal behaviour in milch animals advancing toward their prime or optimum age 
of production coupled with four times miUdng. Columns 5A and 7A show, however, that in the cases 
of animals contimied on two times milking, this increase has occurred in only one ease, mz. ‘ Lasni ’ 
in her third lactation and this on a lower scale than the lowest of the range of variation in tire caso 
of cows under four times milking. In all other cases there has been a distinct fail in jrrodiiction in 
the second and third lactations. In the case of ‘ Qabdi ’ this was to the extent of 39-53 per cent 
in the second lactation which was continued in the third to the extent of 11*00 per cent. ' Under two 
times milking it would appear that the normal development of milk secretion in Indian cows does 
not feilvo place whether the optimum conditions of feed and other items of nia,nagemejit are provided 
or not. 

The diiference between the average yields of the * four-time milkers ’ and ‘ two-time milkers ’ 
wa.s calculated by taking into consideration the average values of columns 0 and S (average yields 
of ‘ four-times milkers ’ in the second and third lactations respectively) and of columns 5 and 7 
(average yields of ‘ two-time milkers ’ in the second and third lactations Tespect-ively). 

The milk yield data of the second set of eleven cows were considered as another gi’oup for the 
purpose of statistical examination as shown in Table II. The same procedure of analysis was 
applied to this group. 

Table II 

Awmge, milk yield (leet in lb. per day of eleven cows milked faiir limes a day in fhcJr pre-p-x.peri- 

metdal first lactalion. 


Name of cow 

During pre- 
esperirnental 

During experimental pieriod 





period 

2nd Lactation 

;ird Lactation 













. 


Milked 2 
times under 
experiment. 

Milked 4 
times under 
experiment 

1st Lactaiion 
Milked 4 times 

Milked 

2 times 

Milked 

4 tirnea 

Milked 

2 times 

Milked 

4 tiniea 

AUlkal 

2 times 

Milke.1 

4 times 

" 

2 limes tuilkiiig 

4 tiiuoa milking 

1 

2 

3 

4 


6 

7 

8 

!♦ 

10 



Poli . 

Mitri 

21-21 

21-71 

18-78 

22-(57 

1(5-17 

24-47 

14-94 

2.5-88 



Parsanni . 

Machkani . 

21-03 

21-11 

18-04 

Aborted 

21-02 

29-6-1 

20-43 

30-72 

.ti-44:l- 0-883 

2-l-7ft±0-04.6(«) 

Rashi 

Phijji 

19-37 

18-35 

15-58 

20-19 

13-12 

83-44 

l3-(i2 

31(57 



Maid! . j 

Ramdi 

18-08 

18-31 

1(5-27 

lO-iil 

12-65 

18-85 

15-2(5 

21-69 

♦F-.43-9T 


I.ila . . 1 

Rtihii , 

17-4(5 

1,8-20 

15-25 

22-47 

18-36 

20-07 ! 

14-66 

26-75 



Partapi . j 


16-76 

•• 1 

15-92 1 


17-83 

•• 

18-15 



1 . 


AAA A A A 
f —n-m -i-4-42 — ■23-76 +12-71 — 2fl-5f5 +l(t-21 

—14-22 . . —0-05 + 40-41 — 2-85 + 45-52 

--19-57 +10-03 —32-27 +8-2-23 —29-69 +72-69 

-10-01 ^7-10 —30-69 +2-95 —15-60 +18-4(5 

— 12-6ii -i-2.‘l-4(‘> +5-16 +10-27 —1(5-04 +41-48 

-5-01 . . +6-38 . . +8-29 


(а) Represents in increase of 50-8 per cent over two times milkiiiK. 

(б) Represents a decrease of 40-9 per cent dne to reducing tlie Crtatriem^v -'if niillutig tuna 4 io 2 time.-!. 
^--Variance ratio, Iviglily aignUicaiit in both the i-iises. 


0 % 


Tite eou'f? iianieti in colLiinti 2 of Table fl were milked four times througliout, he., in tluui' pre- 
ex perinienta I lifsi iterations and experiraental second, third and fourth lactations, it wiil be noted 
that higgei' vields are recorded in the case of all these animals, except ‘ Maehkani \ who almrted 
at her second calving ami tliat the iucJ'ease. ranges up to 82*22 per cent, it wii! he seen that there 
is an increase in each luetntion averaging 19-54 lb. in first. 21*24 lb. in seetmd. 2r>--i9 lb. in tlnr<l and 
27-J4 lb. in fourth lactations. Cows named iu column 1. were milked four times in the pre-experi- 
raental first lactations and two time.s in thc-ir experimental second, third and fourth lactations. It 
will be noted that in the .second lactation tlnu-c wa.s a. di.stinct tleerea.se in the (-a, so of each cow vary- 
ing from 5-01 to 19-57 per cent and tliar the range of de.crea.se increased with .sub.scHiiumt lactation, s. 
The average perceiitage decrease of six cows in each hictation over their tir.st lactation being 1 2- Id 
in the .second. 12-52 in the third and 14*24 in the fourth htekrtions. Hero, the dilTerenco between 
the average value.s of cohimn.s 5a., 7a aiid 9a a.nd of columns 6a, 8a and Uhv represenis tlie average 
percentage decrease due alone to decreasing the fret[ucncy of milking from four to two times. Tin* 
increases from first to fourth lactation.s recorded in the case of four times milking represent the a.ver- 
age expected behaviour of noi'mal lactatlng cows. The docinase sliown by the cows under two times 
milking repre.sents behavkiiir which is at variance with what is con.sidcred iiormaiity. 

As before, the difference between the average yield.s of Ihe 'four-time milker.s ' and ’two- 
time milkers ' was e.stiimited from columns 0. 8 and 10 and columns 5, 7 and 9 respectively. 

Finally, in Table UT are given the nieaius with theij- .standard errors and co-eificients of varia- 
tion, for (a) total milk yield per lactation. (/>) average milk yield per day for wet period., (c) average 
overall milk yield per day, {(I) length of wet period, (c) lengtk of di-y period and {}') length of .service 
period for all the cows under two times and four times milking separately. 


Milk yielb and live-weight graphs 

Graph I show.s tlie average mill-: yields of eleven 4-week periods of cows under two and ibiir 
times milking in six consecutive lactations. Curve A represents the average, first lactation yield 
of 11 cows under four times milking- a, ud Cur\'c B ]‘epresents the, average first lactation yield 
of seven 00^*8 under two times milking. Of the 1 1 eow.s in Curve A, fism went under four times 
milking and six under two time.s iiiilkiiig in the v'^ubsepuent lactations and of the seven covs in. Curve 
B, four were under two time.s milking and three under four tijnes milking. The iirsfc lactations in 
both cases covered the pre-experiinental period. Tluw are both normal in type for lir.st Jactations., 
with the only difference, that the yields under tlie fom- times milking are on a "higher level than under 
two times milking. A definite flush period is ii.siially not well developed in the fir.st lactation under 
either four times or two times milking, 1t has been onr experience, working with two Indian breeds, 
that even in the case of good milkers Ihere. is a tendeiwy to flatness throughout the length of the 
first lactation curve as compared auth .suhsequent lactations. The daily yield at the end of the first 
ladtation of good milkeis is about half that given at the time of maximum production during the 
lactation. 

The difference in the effects of the two systems of milking is clear from the form of the curves 
obtained when the .subsequent yields a.i-e. graphed. Four times milking shows a definite and steady 
upward trend with each .succeeding Iacta,tioii. It is the development of the flusli period under the 
four times milking which contributes to the increases in the, yields, tliough eacli lactation flni.shes 
at about the, same level as the first lactation. Under the two time.s milking, on tlie other hand, no 
development of the, flush period takes place. Although yields in tiie early \ydH of the subse(.[iu*nt 
lactations are somewhat higher than those of the first lactation, the drup'in yield in the course of 
the lactation i.s sudden, and this rapid dowimTird trend results in daily yield.s below tjios(‘ of the 
first lactation and a lower final total lactation yield. There i.s also a tf'ndeucy a, shoitfuiim' of 
the lactation period. Eegardle.ss a.s to whether the cow.s weiv milked four time.^ oj* two time.s 
first lactation, there wa.s a definite fall under two times milking in the .subsequent lactations and 
similarly there was an increase, in each subsequent lactation under four time.s milkiji'\ 
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Four Times Milking m Cm>s of Tharf arhar Breed 
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Fig. 1. Average milk yields of cows under two and four fcimes milking 4 weekly periods. 


Rg. 2. Lactation curves of Sahiwal cow “ Naraco ” under four times miikii 




~C7 H. Pabbakb^^ 


From tlic expeiience of Ibur times millcmg on two different Indian breeds (Haliiwal and Thar*- 
parkar), it lias been found that cows with normal first lactations under two times milking when 
put under four times milking in subsequent lactations, develop milk capacity in a ma.iiner similar 
to those which have lieen under four times milking from first calving. The shape of the grajih and 
the yield during the last three months of the first lactation is a good index to subsequent yields. 

Fig 2. 

It tvill be <>£ interest to compare these milk yield curves with those of a typical cow of the Sahiwa] 
breed under four times milking. Graph II shows the yields of the Sahiwal cow ‘ Narace ’ under 
four times milking in seven consecutive lactations. The first lactation curve sliois's the typical 
flatness indicating high possibility of persistency in yields as demonstrated in the subsequent lacta- 
tions. There has been normal development of flush period in each subsequent lactation up to the 
sixth, the seventh lactation showing the beginning of the decliue with age. 


uj 900 


hriatjon in weight 
OF cows UNDER 
t Times ariMES 
MILKING MILKING 


WE€KS AFTER CALVING 


Fta. 3. Average weight of cows under two and four tiin'>a milking. 

When the yield curves of cows under rivo and four times milking are considered along with 
curves showing the variation in weight during the lactation, as in Graph III, it is seen that under 
two times milking cows lost little weight after calving, and made speedy gains throughout the lac- 
tation, although the concentrates given in both the cases were in proportion to the milk yields. 
There is a definite fall in weight of those under four times milking coinciding with the flush x>eriod 
and this loss may amount to 100 lb. or more which is normal to cows of high milk yield. 

Discussion 

The percentage increases of the second and third lactations over the first lactation of cowvs under 
two times milking in the first lactation and four times milking in the subsequent lactations are com- 
pared with those of the cows which were retained on two times milking in the second and third lac- 
tations {vide Table I). There is an increase of 41 per cent in yield which is due alone io increasing 
the frequency of milking from two to four times. The actual difference between the average yields 
of the ‘four-time milkers’ and ‘ two-time milkers ’ in their second and third lactations in this group 
shows an increase of 36 per cent of milk yield in favour of the four-time miUcing. Similarly, when 
the percentage increases of the second, third and fourth lactations over the first lactation of cows 
under four times milking in the first lactation and continued on four times milking in the subsequent 
lactations are compared with the percentage decreases in the second, third and fourth lactations 
over the first lactation of cows under four times milking in the fii*st lactation and two times milking 
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Fo«r Times Milhng ‘in Cows of Thuryarkar ike^f] 


Tliosr 

;ulfc.s 


iu ilie Hii'M’qin'nt laf'tations {ride. Table 0). a flecrease^of 41 per eeoi ui yio]<i ob-Acrvi^d \\hjrh i,--' 
attributed to reducing the frequencn’ of milking from four to two times, since all other coudition.s 
so far as these are controlablc' were the same. The actual differenre botwef'n the roseraae v'iehis 
of the ■ four-lime milkers' and ‘two-time milkers’ in their second, third and fourth hulations is 
.11 jKT cent. All tjtese increases and decrcast-s are statistically signiticaiit. d'nkiuu' all cows under 
two tunes milking and four times ujilking separately the pemmtage. incrtaisi's due t(, fouj' rimes milk- 
ing arc 71 per cent for lactation yiehl 47 per cent for average daily milk yi{l(j ^ 

average overall daily milk yield. The lower percentage for daily yield as conij)ar.>(| with hictati< 
yield is due to the effect two-time milking has in decreasing the nunibt-r of <lu,ys in null: 'Phc! 
sf.vikiug increases (liie to four times milking coupled with f Inindliiig^ are far in exf-oso 

obtained willi other breeds abroad. Hagsdule et ah [ 1 934 j after experimenting with J<.r,s<*v and \\r- 

shire cows iu Missouri (U. A.) found that four times milking effected id per cent increase 'o^‘ milk 

over cows milked twice a day. In Maryland (U. S. A.) w'ith Ilolsteius, ^^ C)od\vaiM [19;p[ ] foiincl^ 
three times milking gave 20 pw- cent more milk and 21 per cent more butter-fat than (huvs milJoid 
twice a day, Campbell [1930] found that the average increased yield of {fraded Shorthorns 
(at the Heading University Farm. IJ. K.) in their thrice daily milking year tiver the, yield in their 
preceding lactation xvas 19-3 per cent. ‘ 

I'lie average calving interval for cows under four times milking is -hki days, which is about ’■^8 
days longer than tliat of cows undei- two times milking. This is due to the sliglitlv lono-er service 
period necessitated by longer lactation period in the case of cows under foru- times milkinu" But 
this longer cahdiig interval has not affected the overall average, which is (fj j,^j. more than in 
the case of the cow’-s under two times milking. 

Table 1.V shows the trend of yields of cows in the vSahiwal and Tharparkar herds hi live siu'ces 
vsive lactations under two and four times milking. It wdll be seen that iiiuhu' foiu- times milHr*'- 
the first lactation yield is 55 per cent higher in the case of the Tharparkar ami 7<) per cent hUher 
in the case of the Sahiwal than the corresponding yield under two times milkino- Yet \a1de3* four 

times milking, most of the later lactatioms show significant increase o^'e^' tho i j. /• 1 

, , , 1 . Ml- ■ laotul-ion which 

IS not the case under two tunes milking. 


IhVBLE IV 

Average Inclatkm giehh under hvo ami four timers milking in the Tharparkar and. Sohimal 
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Tbe rwull-s obtained in the experiment are thus in line with practical cxpcrieneo with the Sahiwai 
herd at botii Piiria and Xew Delhi and with the Tharparkar herd at Karnak in Table V are ^iven 
the ro'cords ol‘ the two herds which dearly indicate the ini])rovtme,nt ef-rt'cted i)v the. introduotioo 
of four times inilkiug and * handling’ since in the case of Sahiwai inml and j 9:3(1-37 in the 

TliavparkiU- iiej'fl. 


TABLli V 


1’here is no doubt tlmt Iavu times inilkhig is too inlVe^iieiit fui- these bi.'eeds and imliiees a tendencv 
tio dcvdo]) thish instead^ ol' milk production. I3y ]uo]‘e fVe<jnent milking on the other liand tiie oro- 
eesses of milk stimulation ai-e ineir-ased and food is converted into milk rather than into flesh. Tiie 
animals develo]i a moi’e iietive. and jih'rt disposition which approaches, what in daijy lireraturi* is 
generally referred to as - milk temperament’. Handling and prenatal iiiillana’ iio'^siblv jtisu con- 
tnbute somothiiig to tlie same result. The praetiee conducavs to a healthy and' active udder condi- 
tion : congestion after <-idving is priittically negligible, milk fovej- ajid mastitis unknown. The ab- 
sence of these trou!)hs which a.re the cause of much anxiety in dairy herds in all western coninries 
lias elieit.'d mncli favoujub'le comment from overseas visitors during tin* war wlio have been imoressed 
by the results. ‘ i 

The extj'a cost involved in four times milking as against two times milking is ivpresented mcreiv 
u\ thi‘ cost on account of wages of extra labour plus the c.o.st of exti-a concentrate ration re<mirki 
by rlie cow to produce the extra milk. The amount of roughage resjuired for mnintfuianee will re- 
main the samm In rhis ex[)(‘riment, the overall yield under two tiiiHJS milking was about J{j 11)' 
per head per day and t ha.( under four times milking about JG lb. per lu'ad per day. Assumiii<>' tiiat 
one attendant can milk eight cows twice daily and that an extra attendant is in(p,iired for fc ur^time^ 
mill’ing, tiie mxt-ra jiiilk. (J 11>. per head per day or 8x6—48 lb., of the. eight cows will refniire 24 Ih 
exlra grain which at Rs. « a mamul (82-3 lb. present price) will cost Rs. 2-(i. This tooethet”witb 
the wages of one extra attenda,nt at its. 1-8 per head will cost R,s. :3- 14. xlgainst this sinm th- value 
■ of 48 lb. of exira milk at 8 lb. per rupee is Rs. 6. Thus taking the overall period from end vj.un fo 


Iic'cord.s of fh<’ Saldiral ami Thuqxirkar herds under four limes millinq 


'l’li;'ir|i(U'kiir herd 


calving, wHoh in these_ experiments averaged 442 days, the net gain duo to four times mdlang on 

eklit TUaiparkar COWS is Rs. 2-2 per day. ' 

There can he no doubt that the practice of two toes uiUlring with many ^ 

in tho country havinf^ to iimiiitain a larger mmiker of animals than is nec(w:wy hn tlu. piodiu tion 
S he sw The experimental results referred to suggest that t!us is no less than 

47 per cent and that piobahly G1 per cent is a iieaier figuic lor the Tha.jml.u 
porLent. In a eoimtry where labour is not an expensive item there is lunc a ca.c o! nu i ..ased ua^aul 

out of proportion to the cost of labour involved. 

'rheic has been no decrease in the fat percentage in milk which has remainedl al, about live per 
cent in both the herds since the introduction of form times milking. 

Experience in the general management of the herds m cjuestion suggests that, lb m-o times imlk 
ing has an effc<it similar in maimer, if not to the same degree, as lour times milking. 

SUMMASY : ■ 

Uthc Vviioiiltuial aubstation, Karnal, 11 That'piiiaL’ cows w.av railki..! f.inv tuncrt m a 
day and Mianlled ' i.e., wider massaged 15 to 20 days before calvuu; and imlked as secretion started, 
wliilc 12 cows were milked twice a day and nut ‘ handled ■ , , 

T,hc increase in the average yield per day for the wet period due. to lour Mnu‘s milking and 
’ handling ’ wa.^ 47 per cent ov'er cows milked twice a day. i,. 

The overall in'crage and lactation yield sIiowykI G1 pin cent and oi ].er cent mcrease.s 

The calving interval for cows under four times milking was 412 days and that im cows undii 
two times milking was 414 days. This variation rvas ilue to the slightly longer service peiiod ucc.es- 
sjtated bv the longoi: lactation period in the case of euw^s under four times milking. But 
interval Las not affected the overall average which was hi per cent more t.han the cows milked trWUr . 

^""^^dien the vields of cow^s under the two and four times milking were gra^ihcd, the latter showed 

a definite upwiW trend of the curves wdth each succeeding ""V’ vielil 

period. Under the two times milking no development of the flush period took pluciy and the yield 
cuiwes showed a rapid downward trend in the later lactations. 
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• fHB EFFECT OF CALCIUM SUPPLEMENT ON THE DIOESTION OF OEGANIC NUTRI- 
ENTS IN FODDERS IN WHICH LIMB CONTENT IS EITHER LOW OB HAS A 
TENDENCY OF POOR ASSIMLATION 

By Rameswar Mukhebjee, M.Sc., Late Assistant Physiological Chemist and Indubhusan Chat- 

TERJEE, M.So. (Age.), L. Ag., Formerly Physiological Chemist, Department of Agricultni'e, 

Bengal 

(Received for pxiblicatiott on 27 Mav 194(5) 

'^HE Study of the possible effect of a deficiency or deprivation of mineral elements on the diges- 
1 tibiiity and iitiJiKation of organic nutrients of feed does not seem to have received much attem 
tion. Ranganatlian and Rao [1938] studied the influence of calcium intake and found that an in- 
crease in the ingestion of calcium of rats improved both the digestilulity and biological value of 
protein. In similar experiment Swaminathan [1931] did not observe any effect of calcium intake 
on the biological value of protein. Henry et al [1940] working on rats, found the same value for the 
biological value and true digestibility at two widely diff^erent levels of calcium ingestion, viz. 0*07 
per cent and 0*86 per cent calcium. Earlier work of Woodman and Evans [1930] supports the find- 
ing of the iattej* worker, and their results on sheeps showed that the digestibility of organic nutrients 
was not affected by the deficiency of minerals (specially calcium and phosphorous) in the feed. 

The investigation forming the subject matter of this paper arose from idte following considera- 
tion. A feeding and metabolic test was initiated with Napier silage which was however found to 
be very poor in lime (0*29 per cent CaO on dry basis and 0*07 per cent on fresh basis). It should 
be noted that Napier grass is the recommended fodder from Bengal Agricnltural Department and 
silage was made from this grass. The experiment was therefore designed with a view to see amongst 
others how far the addition of calcium supplement given as CaCOg was likely to be reflected on the 
digestibility of organic nutrients, Tliis represented an experiment in which the fodder was admit- 
tedly deficient in lime. 

It has been found in a series of previous trials that the lime present in rice straw has a tendency 
of poor assimilation. An experiment with Boro variety of rice straw with and. without lime given 
as CaC 0;5 provided the material for studying their effect on the digestibility of the same nutrients. 

Experimental 

Both under Napier silage as well as Boro straw eight bullocks of approximately same age and 
Mve weight were selected foiu’ being placed under ' No lime ’ and four under ' Lime h The animals 
under ‘ Lime ’ were each given 25 gm. of CaCO^ daily. 

The Napier Silage was made at Dacca Farm silo pit and was fed ad lib. to all the eight animals. 
Linseed cake at the rate of 0*5 gm. per lb. of live weight was fed as concentrate to the silage animals. 
The animals w’ere watered twice daily. The feeding lasted altogether for 50 days and the metabolic 
collection commenced after 29 days and continued for 13 days. 

In the case of Boro straw also it was fed ad lib. The concentrate given was mustard cake at 
the rate of 10 per cent on the straw actually consumed. The feeding lasted for a total period of 83 
days and the metabolic collection commenced after a preparatory feeding of 59 days and continued 
for 10 days. 

In both the groups common salt was given at the rate of 25 to 40 gm. per animal per day. 

Results and discussions 

It should he noted that both these experiments have been recorded in the Annual Meports of 
the Physiological Chemist, Bengal, for the years 1936-37 and 1938-39. A paper on the nutritive 
value of Boro straw also forms the subject matter of a separate eommunication by Chatteriee and 
Sarkar [1947]. 
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Cahi'um Swpflemeni o% Digest'im of Organic Nuiriemis 


Here fche relevant data in reference to the digestibilities aa affected by ' Lime ' and No lime ' 
mnder both Napier silage, a.nd Boro straw, are assembled in Tables I-IY, 


Table I 

Compamtive figures m> eomhiiiei- digestibilitm and calcmm metabolism. (Cakmm data commled on 

600 lb. live weigM) - 


r Dry matter . 
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CaO from water 


MetaboJhim of Jiuie 
(eompuied on ri(K)«( Lime suppiemen 
ib. live weight) ‘ 
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TJ t 1 consumption of Napier siiaire was con- 

cerned the anmials under both ‘ No lime ’ and *' Lime ' ate the roughage more or less in the same 
proportion. The concentrate given was according to live weight. The main difference was in the 
addition or otherwise of the lime supplement. It will ])e seen from Table I above that the additkn 
of iime has definitely contributed towards a better calcium assimilation, there iieino' two clear nosi- 
tive balances, one, vi: D4, is on the border line (it is only negative by a smaU margin) ^vLiie tbiJ 
remaining one is slightly more negative but still distinctly better than anv of the four under ‘No 
iiine poup. Tn the Rafter gimip the negative values in all have been'numericaliv much laroer 
ihere is therefoie no doubt of the oetter effect of hme supplement on tiie effici<mcy oi‘ lime assimlia- 


If now the digestibility values are examined in regard to the bearing of lime assimilation it 
wil be noted that, in so far as can be seen from the digestibilities of combined feeds, the difference 
uath respect to the majority of components is negligible. A,slig])i. depi-ession in the dioestiSv 
of ether-extmet^ and a slight increase m that of crude fibre, both undei- ‘ Lime are onk 


. „ lu muu. oi cruue nore. Doth under Lnne m-dV 

parhallv suggested from the imlindnal as ,vell us meau values. The mean value of tn.f pm"" , 
IS also slightly low under Lime l»!f. eln’o i.*.o .i... u. n , , , . piup,.!u 


. <.-■ ' - ■ — r- «My due to the fact tha,t under ‘ No lime’ 

one mdividual value uz of B6, has been much more. This has corresponding! v increased the me-iu 
under this group. But for this, there is no significant difference in the digestibility of eitlier 

n-rntfiin nr tniA nvAfoiin !« i ,.i.T j , . . P. ' i. 


. • y *■ . ~ : ■ ' — uiuBitmce in tne digestitulity of eitlnu- crude 

protein or true protein. Jn the case of ether-extract or crude fibre, the difference appears fo be 

more marked. This is also noticed when from the combined values the corresponding.' sLires of eak*^' 
are deducted as can be seen frnui ThWa n c,^puuuiii^ .suuits oi cake 
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Table III 


So lime 


Mean 


38-OS 


4(>-4S 


3ti-84 j 45- 


5£)-l6 48- 


Crude flbr: 


61-46 


63-14 


48-78 


46-45 


extiac 


( CaOfrosn stravs 
1 CaO froiii cake. 


13-6.5 


12-6.'> j 11-74 j 14-ns j 13-81 


«ateT 


t'aO from sail 


19-14 


21-88 


30-40 


I OiffereiK'i 


^.Baiancf 
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TableTI: ■ ■ ■ 

DigestMe of e1^m-e£imd, and- unde fibre in Napier unlove. {Oblamed by Ihe nieilud of dimk 

natmi) 


N-0 lime” . 

Group 


^Auimals No. 

D1 

D2 

m 

D8 

hthey-cxf fart 

,lt88 

20-72 

2W-8-i 

Crude fibre 

47-94 

5i-l9 

47-33 

44-11 

Mea>. j 


29-91 

47-79 

* ’ Lime ” . 



■ m 

20-39 . 

48-49 




D4 

2 n-ii 

51-63 




.D7 

18-13 

52-10 



i 

m 

24-54 

50-69 

Mmn j 


23-54. ■{ 

50-73 


It should be noted that the difference here is more pronounced than, in the case” of combined, 
feed.. : 

It wili be interesting at this stage to examine the value.s obtained with Boro straw. These are 
assembled in Tables HI and IV. 


Boro simw mmlmd. cake. Goniparaike fiyure on the digesiih-ilikieji of fiombhierl feed and die mdwre 
of mhium, inetaMdsm, under ‘[No June ''' and “ Lime 


I Per cent Per eenl. j Per cent I Per cent Per cent Per cent I Per cent jper cent Per cent J Per oant 


' Dry matter 
Organifi inal ter 


j Crude protein . 
f'oeaifients of disjefeti- I 

bllH-ies of combined -{ 'frue protein 
feeds (.straw sinrl ( 
cake) { Ether-extract , 


.Uetabolisni oi lime I CaO .added 
(CaO) eomjHUed ori^ 
r-dd lb. live weicld. To'i'.>iir 


26-.% 2.vn 28-16 
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Table IV 


Particulars 


ceriK 
prop 
addii 
of lit 
tive 
reraa 
lime 
■Tlier 
tion. 

\v U l ] 
with 
of et 
parti 
is- a]$ 
one i 
nude: 
piote 
jffiord 
are d 


Dry Matter 
Organic matter 
Crude protein . 
True protein . 
Ether- extract- . 
Crude fibre 
'5?, E. extract . 



Lime 

41-27 

39-00 


47-89 

44-53 

44-07. ■ 

31-74 

30-61 

32-55 

1 ■ ■ T6-52' 

53-7] 

1 56-45 

45-86 

1 44-93 


The results of Tables III and IV first require to be compared amongst themselves and then with 
those of Tables I and II. Judged, whether on the basis of combined digestibilities (Table III) or 
on.the digestibilities of straw components (Table IV), lime feeding has definitely depressed the digesti- 
bility of organic matter mainly from the share of ether-extract and crude fibre. 

It should be noted also that unlike under Napier silage (Table I) the addition of lime supplement 
■ under Boro has not contributed in any way towards a better lime assimilation ; but the effect has 
been well reflected in depressing the digestibility of both ether-extract and crude fibre. 

In so far as ether extract is concerned, — ^lime feeding has been followed by a lowered digestibility, 
under both Napier grass and Boro straw. This is also in conformity witli what might be expected 
since the presence of lime offers the possibility , of formation of Insoluble calcium soap w^hioh eli- 
minates out with the faces as undigested matter thereby reducing the: quota of digested share. 

In the case of fibre however the caustic action of lime is likely to reduce the resistance of the 
tough integuments of the fibre thereby helping in a better digestion. This has happened also with 
Napier silage, but not only has it failed under Boro straw with lime but there has even lieen a de- 
pression in its digestibility. This is difficult to explain. 

Here it is worthy of note, as already stated, that under Napier silage the balance under lime 
feeding has been either positive or very slightly negative. On the other hand Boro straw has exhi- 
bited a negative lime balance which is almost identical under both ‘ Lime ’ and ‘ No. lime ..The 
only other difference between them is that Napier silage was fed with wliat was supplied as linseed 
cake, whereas Boro straw was fed with mustard cake. But the main reason for which lime assi-' 
milation in Borp straw has been very poor, is due to the fact tliat this straw contains a very large 
pecccentage of oxalic acid. 

. ' Summary 

Two feeds of which one {vk. Napier silage) was deficient in lime and the other {viz. Boro rice 
straw) had a tendency of poor lime assimilation, were fed to bullocks with and witliout supplement 
of calcium as CaGO^. It was found that amongst the organic nutrients ether-extract was most suscep- 
tible- to a lowered digestibility. The fibre fraction was also found to be affected but the results 
were not identical since under Napier feeding the addition of lime supplement effected an increase 
in its digestibility, but under Boro straw it was low-ered. It may be stated that in the case of 
Napier silage the addition of lime definitely contributed towards a. better lime assimilation and fibre 
has been better digested under ‘Lime’ combination. If this is ascribed to the better effect of 
lime, there is no reason wdiy it should have been different under Boro straw feeding under simihir 
combination with lime. In the case of ether extract the pres(nice of lime, offers tlvc possibility 
of the formation calcium soap thus holding out lime. This m ight account, for tlie depre.s.seci 
digestibility found in the ether-extracts of both Napier silage and Boro straw, but we have at 
present no explanation as to why the fibre digestibility under silmiiar lime combination was increased 
under Napier feeding and lowered and Boro straw feeding. 

It is also necessary to state that the poor lime assimilation under Boro straw feeding is associated 
with a large percentage of oxalic acid in it. ■ 
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THE VALUE OF BOEO RICE STRAW AS A OATTLM FllD 

iNDUEHUSifAN Ghatteejee, M. Sc. (Agr.), L. Ag., Foimexly Physiological Gliemisfc, Department 
of Agriculture, Bengal, and Sachinbra Rath Saekar, M. So., Pk. D. 

(Eeceiveti for publication on 27 May 1946) 

1 R Bengal the rice crop is Ijnown by Amon, Ans and Boro. The Amon on winter variety is 
^ liarvested during winter (November to Janu^y) and tlie Aiis variety is harvested in August- 
Septembcr. The Boro variety is generally a summer or spring crop. But a second or what may 
be called Jil/arifcm-p, is also taken in some places. The summer variety is sown in seed bed in October 
or Noveml-er, transplanted in December-January and harvested in March to June, The k'harif 
variety is sown in seed bed in June or July, transplanted in July-August and harvested in September- 
Octo].)er. The crop is grown by artificial irrigation in low lying lands adjoining beels, streamlets 
and rivers. 

The total area of Boro crop in Bengal is a little over 400,000 acres being about 1-75 per cent 
of the total rice area of the proTOice^ Of this the district of Mymensing occupies nearly half followed 
by Dacca (about 45,000 acres), Malda 40,000 acres, Tiperah 30,000 acres, Khulna 25,000 acres, 
l\Tidnapm' 17,400 acres and Rajsliahi 13,600 acres. In the other districts it varies from 300 to 8,000 
acres whereas the districts of Birbhum, Jalpaigury and Chittagong hill tract have no Boro area. 

Judged from the standpoint of the acreage it is a comparatively minor crop and is mahily distri- 
buted in the eastern districts, but neither the grain nor the straw can be a matter of neglect under 
the existing shortage of our food and fodder. 

The straw obtained from this crop is generally liked by animals and as will apj>eai’ from the 
investigation on it, it compares 'well with other straws in its feeding values. As this crop is harvested 
at a time when the monsoon does not permit efficient drying, the straw suffers from somewhat greater 
disadvantage than that from Aus crop. There cannot be any doubt that every year a large percentage 
of both these straws have to pay a heary toll to the vagaries of monsoon. Yet a considerable part 
of it can be saved if suitable ensiling could be adopted. Here of course great propaganda is needed 
to impress it on the minds of the people and also to overcome their inherent disinclination and inertia. 

Turning how to the experiment, the Boro straw was obtained from the riverine tracts of the 
Mirpur side of the Dacca district. About 200 maunds were obtained and feeding was commenced 
from the 30 June, 1936 and terminated on the 23 September of .the same year tlius lasting for 
about 12 weeks. 

Before describing the details of the experiment it may be well to examine the composition of 
Boro straw side by side with that of the other straws. This is given in Table I. 

It will be noted from Table I that the straw contains a much higher percentage of nitrogen as 
compared to that of Amon or Aus. It has recorded the lowest percentage of crude fibre as well as 
nitrogen-free extract. This has been mainly due to the fact that its mineral content (ash) is very 
high (Nearly 22 per cent) as compared to il to 16 per cent in the case of the other straws. The 
striking feature is that the major part of this ash consists of acid insoluble residue (over IS per cent) 
so that the actual soluble matter is about the same (3*8 per cent) as in others. It is poorer in lime 
than both Amon and Aus, but the potash content is similar. As will be seen later it contains an 
appreciable quantity of oxalic acid. 

Previous experimeiiLs have sluuvn that the liiiie assimilation under rice straw feeding from the 
share, of lime present in the straw is generally low. It was therefore decided to divide the feeding 
and digestion trails under two heads, viz. (1) with no lime and-(2) with lime supplement as CaCO.^. 
The iattijr was given mixed with cake at the rate of 25 gm. to each animals. Mustard cake was fed 
as concentrate on the ijasis of 10 per cent on the wieght of straw consumed. 

In view of the necessity of economivsing space it is not possible to give the various data ; but 
may bo stated that both under ‘ No lime ’ and ‘ Lime ’ groups the animals showed a dGfi.mte increase 
in iive weight. The consumption of dry matter also recorded a steady increase. As the feeding 
proceeded there .was somewliat greater demand of water. The nature of water consumption and 
urination did not exhibit any difference between either. 
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Table I 


Composition of Bom and other sir 


rms 


*Dacc.i 


Organic matter 
i'riulo protein 
True protein . 

Ethei- extract 
Crude fibre . 
Xitrogen-free extract 
Ash 

Insoluble ash 
Soluble ash . 

Line . 

Magnesia ‘(MgO) 
Potash (KoO) . 

Soda (NaO) 
Phosphate (P^Os) . 
Sulphate 
Chloride (Cla) 


The mean digestibility and co-efficients under ‘ No lime ’ and 
These have been worked out by the method of elimination. 


Lime ” groups are given in Table 


Table II 


Digestibility co-efficients 


Boro straw 


Aufi straw Aoion straw 


Componentfi 


Diy matter 
Organic matter 
Crude protein . 

True protein , 
Ether-extract . 
Crude fibre 
Nitrogen free extract 


It will be seen from above that the feeding of lime as calcium carbonate did not give any better 
results. The digestibilities of dry matter and organic matter have been slightly ])ut definitely de- 
pressed. It has been still more so in the case of ether-extract and crude fibre. Moreover ether- 
extract has exhibited great fluctuation specially under individual values (not shown in Table II) 
in which one animal even recorded negative digestibility, another about one third to one-fourth 
of the same under ' No lime ’ group while still another gave very high value. Tlie results under 
‘No lime ’ have been of a more stable nature. 


sd-iso 

B3-G7J 

2-844 

2-400 

0-800 

l-i;3 

32-600 

34-137 

49-717 

44-477 
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The total digestible nutrients per 100 lb. of straw under both groups are set up in Table III. 

Table III 

Total digestible nutrients per 00 lb. ofstraiv {dry basis') 


Partic-iikrs 


Total digestible nutrients 
Digestible crude ])rotein 
Starch equivalent 
Nutritive ratio 


In the above the corresponding values of Amon ttiid Aiis straw have also been shown. The 
most noteworthy feature is that, compared to the other straws it pt^ssesses the highest amount of 
digestible protein which is necessarily reflected in a narrower nutritive ratio which approximates 
closely to the maintenance Te<tuirements. Another' point, of interest is that although in terms of 
T. D. N. it has recorded a lower value than both Amon and Aiis, its net energy value (starch equi- 
valent) is almost the same. This is mainly due to its low fibi’e content. 

It will be interesting at this stage to compare the results on the basis of the performance of the 
animals per say 1,000 lb. ]i\’’e weight. These are set up in Table IV. 

Table IV 

Comparative perfortnanee of animals under dijferent straws 2 ^^^ 1 ,000 lb. live weight 


The main features however are that compared to other straws the consumption of Boro sta-aw 
is definitely higher hut in spite of it the nutritive ratio is narrowest (6-8 to 7*7) on account of higher 
availability of digestible protein. This is a particular advantage in its favour, as it means that when 
this straw is fed tlie amount of concentrate can be correspondingly reduced. As a matter of fact 


Boro 

‘ No lime ’ 

ijtruvv 

‘ Lime ’ 

Amoii straw 

Aus straw 

4M4 

! 38-28 

44-13 

43-02 

2-83 

1 ' ^-so ■' 

0-30 

‘ 1-77 

24-03 

1 21-21 

24-00 

23-97 

1:13-40 

1:12-70 

1:1-13 

1-23 



Boro 

Amon 

Aus ■ 


10 per cent 

mustard 

Dacca 

Krisli- 


Krish- 

Paticulars 

cake 

“No lime" 

Dacca 
" Lime ’ 

Linseed 

cake 

mustard 

cake 

lb. 

cake 

nagar 

mustard 

cake 


lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

Donaunjptiori of feed — 







Straw . . 

15-27 

15-00 

13-62 

il-72 

14-95 

14-56 

Cake . . 

1-49 

1-49 

1-40 

1-16 

1-04 

J-45 

Total . . 

16-70 

1 0-55 

15-02 

12-88 

15-99 

16-02 

Total digestible nutrients . . . 

7-24 

0-73 

7-08 

6-50 

7-31 

8-78 

Ctrude protein . . . . . . . 

0-84 

0-83 

0-43 

0-44 

0-52 

046 

Protein equivalent . . 

0-71 

0-70 

0-42 

0-31 

0-46 

0-37 

Ether extract . . . . . . 

0-10 

0-14 

0-18 

0-IS 

0-14 

0-2o 

Crude iibre . . . 

2-83 

2-49 

2-80 

2-81 

2-05 

4-29 

.Starch equivalent . . . . , . 

4-62 

4-14 

4-34 

4-18 

4-23 

5-43 

l:l 3 

Nutritive ratio 

1:7-5 

1:6-8 

1:13-4 

1:17 

1:12 


to 7-9 

to 7-5 

to 17-5 

to 19 

to IS 

to I 7 
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the nutritive ratio given, in Table III ratber suggests that for tlio purpose of nuiintenance, coucea- 
trates can be completely dispensed witb. This is however not advisable as it has been found m other 
experiments that wlien rice straw is fed witbout conccnti’cito. it adversely ahects economic utili- 
zation. But the quantity can be safely reduced to half or ].)ossibly even less. A careiul feeder can 
adjust it after watching the effect on the animal for a short period. 

Niteogen AND Mineral Metabolism. 

As all the figures connected with above will occupy large spac(3 only the digested share in the 
case of nitrogen and total intakes in the case of minerals are set np in Table V. 

Table V 

Digested nitrogen and total mlalce of minerals 


Computed on 500 lb. live weight 


Tarticulare 

! Animal 

w'einiit 

nitrogen i 

1 CaO 

Mg. 

i ■ KaO 

XaaO 

[ I*s0f, 

■ Cl. ■■ 


D3 

i 7.53 

55-40— 

13-05— 

11-82 + 

73-Sn— 

8-38 + 

! 11-42 + 

18-47— 

Xo lime Straw and Mustarcl cake 

D4 

77S 

55-!j2 + 

12-82— 

II-IO-I- 

1 69-36— 

8-18 + 

10-7.3— 

17*34— 


r>7 

GOT 

47-30+ 

13-93— 

12-00 + 

75-35— 

3-45 + 

. 11-05— 

18-84— 


1)9 

712 

4ti*l)4 -1- 

13-40 

11-05 + 

72-81— 

3-34 + 

11-20 + 

18-20— 

Lime, straw and Mustard Cake 

1)1 

717 

"”"45^4 + 

12-0.'.— 

10-95+ ' 

08-45 — 

3-14 + 

10-59 + 

17-11— 


D2 

757 

44-47 + 

11-74-h 

10-17 + 

03-50— 

2-01 + 

0-82-t- 

15-88— 


m 

760 

55-97 + 

14-O.S— 

1-2-19-i- 

70-17— 

3-49- 

11-78— 

10-04— 


m 

'649 

47-12 + 

13-Sl— 

11-96-i- 

. 74.74— 

8-4S+ 

11-50— 

18*08— 


♦The symbols + and — ind'.cate whether the balance was positive or negative 

In Table V the positive and negative symbols have been put to indicate whether the balance 
was in favour or against. The significant feature is that lime balance has been invariably negative 
in spite of feeding calcium carbonate. The magnesia balance has been positive and it does not call 
for any comment. The negative potash’ metabolism under rice straw and mustard cake has been 
generally a common feature and this is corroborated here. The ingestion of phosphorous has been 
nearly double the requirements and more than half of it has come from the share of Boro straw. 
The balances have Ijeen 50:50 positive. This also points to previous indications that the phosphorous 
of rice straw is of doubtful utility. Soda and mitrogen have been all positive under ‘ No lime but 
under ' Lime ’ group one has recorded negative balance for soda and another for nitrogen. The 
addition of lime has not contributed favourahly. It has been already noted that it has also depressed 
the availabihty of T. D. N. and starch equivalent. It has been found in many experiments here 
that the lime requirement under rice straw is always high. In a previous paper by Carbery, 
Cliatterjee and Talapatra [1937] it was stated on the basis of experiments on Aus straw that the 
lime requirement per 500 Ih. live weight is about 24 gm. CaO. The negative values in tlie cake of 
Boro straw even when the ingestion was over 29 g.m. suggest that the requirement under this straw 
is still higher. It is difficult to say what are the contributory causes. The potash content in this 
straw is high, but similar amount is found in the other straws also. It liowever contains a very large 
a mount of oxalic acid as can be seen from the follov ing table. 

Table VI 

Oxalic add content of different straws 


Lat)oratory No. of the 
straw 

Straw 

Oxalic Hcicl 
crystal 
per cent 

Liiuc 

equivalent 
to oxalic 
acid 

. per cent. 

Actual li JO e 
(CaO) 
per cent 

61/193S) . ■ . 

Amon straw*, Dacca , . . . . . 

0-662 

" 

0-294 

0-42.5 

62/1939 

Aus straw, Dacca .. . .r . . . , : 71 

0-040 

0-287 

0-04.3 

47/1936 

Boro straw, Dacca . . , . . . 1 

1-496 

0-G05 

0-343 
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The above results show that the oxalic acid present in Boro straw is (;onsiflerably more than in 
Alls and Amon straws and further that it is theoretically capabh* of rendering insoluble uearly tr\ice 
the amount of lime actually pj‘esent. 'Recent work by Talapatra et nl suggests tluit the soluble 

oxalic acid is probably largely decomposed in the reuniGii. NeveitheJess tin* presence of a large 
amount of a. sulistanee which is. l)oth toxic and precipitant of lime is an unsatisfnctoT'v featiire. The 
ex'|)eriment suggests that the lime requirement per bOO lb. live weight un<h?r Boro stra,w is highest 
fnot less than 30 gm. CaO): Ans comes next with 2f to 2b gm. OaO aod Amon still les.s (about 18 to 
20 gm.). . 

If we ieav(* aside the unsatisfactory behaviour of lime metabolism as well as the high content 
of potash, and oxalic acid, this straw' like Aus variety is superior to Amon. Moreover it is the richest 
amongvst all the rice straw \xarieties in protein content and. in this respect it is even superior 
to Alls. It has }>een already pointed out that this straw contains a large percentage of insoluhle 
siliceous matter. It means that a, very large ingestion of such material is inseparable with its feeding. 
The trial which Wfis conducted for a few weeks does not permit any inference as to how far a 
continuous feeding of this nature can have a cumulative effect. 

It should also be stated here that the animals were fed sodium chloride at the rate of 2o gin. 
of sodium chloritl^^ per animal. There was no reason for a deficiency of chlorine. In spite of it there 
has been a negative balance, which apart from this trial has been noticed in the experiment with 
a few of other samples Amon rice straws obtained from the different soil belts (specially the saline 
tracts). At present no explanation can be offered for such a phenomenon. 

Summary . 

1 . The feeding value of Boro variety of rice straw has been investigated and comparative data 
have been presented. 

2. The experiment was conducted with ‘ No limeb and ‘ Lime b The lime was given u 
calcium carbonate. The feeding of lime did not offer any ad*. mintage. On the other hand there 
was a depression of digestibility which was ivell inarked in ether-extract and crude fibre, the former 
also exhibiting great fluctuation. 

3. The main feature of this straw is a large percentage (compared to other rice straws) of protein 
content, a lower percentage of fibre, a very large percentage of insoluble silica and also a high per* 
rentage of oxalic acid. 

4. Like Aus rice straw. Boro rice straw is definitely superior to Amon rice straw in its mitiitive 
\'alue on the organic side. As it contains the highest percentage of protein compared to tlie other 
two straws, it definitely economises protein requirement and from that standpoint is superior even 
to Aus straw, 

5. Its unsatisfactory feature is that, its oxalic acid content is highest for whiclAits lime require- 
ment is highest (amongst all rice straws) ; and for reasons still unknown the chlorine balance lias also 
exhibited a negative tendency besides lime, potash and phosphate which are usually vSO found in other 
rice straws. 

6. Further experiments are required to devise correctives for the unsatisfactory lime, potash 
and chlorine metabolism as well as for high content of oxalic acid and also to see how the large quantity 
of insoluble siliceous matter as found in Boro straws, is likely to react on the animal system specially 
under a prolonged feeding. 
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COMPOSITION OF FREE FATTY ACIDS IN HIGH ACID GHEE 
By T. M. Paul, V. B. Bhalebao, C. P. Anaktakrishnak and M. 0. Rang aswa-sjy. Imperial Dairy 
B,eseardi Institute, Bangalore 
(Received for publication on 23 September 1946) 

G LARIFTBD hutterfat is commonly known as pAce in IiKlia and it is a very popular article of diet 
among the people. More than 50 per cent of ail the milk produced in the country is utilized 
for the manufacture of glee. Possibly due to faulty methods of manufacture, collection and storage 
conditions, very often ghee containing considerable aneounts of free fatty acids, are come across in 
the market. These are often-times condemned as unfit for human consumption. During the course 
of an investigation into the causes of the development of acidity in ghee, it was thought interesting 
to know the nature of the free fatty acids present in ghee. Therefore, attempts were made to separate 
the free fatty acids from high acid ghee and to study their chemical composition. 

' In India butter is mostly prepared in small amounts and accumulated for various lengths of 
time liefore converting into ghee. It is possible that acidity is produced during this storage period. 
It was found that butter prepared from raw milk developed acidity in a shorter time compared to 
butter prepared from boiled milk. Therefore, butter w^as prepared from raw cow’s milk by the 
indigenous method of souring the milk by addition of small amount of starter and then churning it. 
This butter w'as kept at room temperature for about a month. By that time the butter had developed 
about 20-0 per cent acidity calculated as oleic acid. The butter w'as then melted and converted into 
ghee by the ‘ boiling ofi‘ ’ method. About 300 gm. of this ghee was set apart to study the chemical 
composition. This is referred to as Sample 1. The rest of the ghee was boiled with twice its weight 
of 95'0 per cent alcohol, and the free fatty acids neutralized with dilute alkali. After separating the 
residual fat (Sample II), as far as p)ossible, the soap solution was distilled to remove most of the 
alcohol. The alcoholic residue was diluted with water and extracted with successive portions of 
ether to ensure the removal of all fat from the soap. It was then acidified with hydrochloric acid 
and the liberated fatty acids were extraced exhaustively with ether. 

The ether extracts were washed free from acids and the washings were collected (Solution K), 
The washed ether extracts were dehydrated, filtered and solvent (Solution Y) distilled off. The 
fatty acids (Sample HI) were then converted into methyl esters by refluxing for one hour with 1,000 ml, 
of methyl alcohol containing 3 sulphuric acid. Most of the alcohol was then distilled off, the distillate 
made up to a known volume (Sointion W) and preserved for subsequent analysis. The residue was 
cooled, transferred to a separating funnel and diluted with water. It was extracted exhaustively 
with ether. The ether extracts were wushed free from acid. The washings were then mixed with; 
solution K, made alkaline with KOH, and the volume was reduced at atmospheric pressure. The 
residue was acidified and steam distilled and the distillate (Solution X) titrated against 0-1 K alkali 
and expressed as methyl butyrate. The washed ether extracts were dehydrated filtered and solvent 
distilled off. (The distillate was mixed with solution Y and made to known volume). Aliquots 
were then taken from solution W and Y distillates and saponified with potash and the results expressed 
as methyl butyrate. Total of these determinations gave the amount of 0^ acid originally present 
in the fat. The methyl esters of the fatty acids now obtained and the methyl esters prepared from 
samples I and II were subjected to detailed ester fractionation in an EHP column according to the 
method of Hilditch as modified by Smith and Dastur [1938]. The results obtained are presented 
in Tables I to VI. The analytical characteristics of Sample I and 11 are as follows : 
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The fmclionaLion of the methyl eslera prepared from 250 gm. of Sample II 
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Table IV 

Summary of the caUalated compositim of the esters mi fatty acids of high mid ghee 
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Table V 

Summary of the calculated composition of the esters and. fatty adds of Sample JI 
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STUDIES ON THE CURING OF POISONOUS JAfVAR {SORGHUM 
VULQARB) PEES. 

By ]S;. D. Kehar and R. K. Talapatra, Animal Nutrition Section, Imperial Veterinary Researoh 

Institute, Izatnagar 

(Receivwl for iJnWieation on S August 194ti) 

fAWAJI is ordinarily a, nutritious and jialatable fodder, but under conditions of droiiglit, wilting and 
J frost it developes large quantities of cyanogenetic glucosides. Benson and Siibba Rao [1906], 
Mann [1919] and Sharnia [1935] have reported several deaths of cattle due to jawar poisoning. Since 
jawar is grown over large areas and as the average farmer cannot afford to discard his affected crojjs 
without serious setback to his already lean fodder resources, enquiries were received from, several 
field investigators wliether poisonous jmvar could in any way be fed to livestock. Tliis investiga- 
tion was undertaken to find an answer to this query. 

Experimental 

Due to the partial failure of monsoon in 1944 prussic acid w-as detected m jawar plants of tln^ 
Institute farm in. October. This provided sufficient material for exploratory studie.s. F.resh samples 
were first tested with picrate paper according to the A.O.A.C. [1940] procedure. Having detected 
the ])resence of apjireciable amounts of prussic acid qualitatively, a quantitative estimation was 
made by the acid titration method [A.O.A.C., 1940]. Samples oi jawar containing prussic acid W'ere 
then cured by different methods to evolve a technique by which prussic acid could be decomposed 
into innocuous constituents. Accordingly a bulk sample of jawar was brought to the laboratory 
immediately after cutting.- The prussic acid content of the representative fresh sample was estimated 
and the rest of the material was treated as follows : 

(a) Dried in shade at room temperature varying from 25°-30°C. and prussic acid estimated 

at the end of (i) 24 hours, (ii) 48 hours, (hi) 5 days and (iv) 16 days. 

(b) Dried in the sun for eight hours and then kept in the shade at room temperature over- 

night. 

(e) Dried in the field for a week and raked every third day, 

((?) Ensiled in pits and prussic acid determined periodically. 

Results and discussion 

Each sample of ja/war under different conditions of treatment was analysed in duplicate both 
qualitatively and quantitatively. The average values are shown in Table I. 


Table! 

Prussio acid content of jawar under different treatments 
On dry basis 


Particiilai's of samples 

Parts of the Plant 

Prussic acid 
content in mg. 
per 100 gm. of 
plant 

Picrate test 

Green plani; immediately after entting 

Whole plant . . 

Leaf . . 

Stem . . 

14-0 

14-7 

lO-O 

Highly positive. 

'Dried in shade for 24 hours at room temperature (3lUC. 

AWiole plant . 

4-5 ' 

55 ' ' 55- 

approximately) 




Dried in shade for 48 hour.s at room temperature (30°C. 

■■■■ ■„ 

3-8 

55 >> ' 

apijroximately) 




Dried in shade for days (temperature 27° to 30°C.) . 

jj "• 

3-4 

S» 55 ' 

Dried in sliade for 1.7 days (temperature 25° to 30°C.) . 

»5 >, • . 

M 

Positive 

Dried for 8 hours in the sun and kept overnight in shade 

■ 55 55 • 

1-2 

Negative 

Dried for 7 day.s in tin sun under field conditions 


NU 


101 ■■ ' . 


102 


Studies on tke Curing of Pois&mus Jawar Pers 

Table I reveals several points of interest. It may be seen that the aariounr ol prussio acid present 
in the stem was comparatively more than that of leaf. Similar results were obtained oii. (examining 
12 samples from the same affected area. Bagclii and Oaiiguly [indl] also ioiuid stems of 10 to ?>0 
inches long plants richer in hydrocyanic a(;id than the leaves. Ae.harya j iU:)3], howevc'.r, stated 
that the leaves contained more hydi'ocyanic acid. On drying the plant, at niom tcmiperaturo about 
70 per cent of the prussic acid was lost after 24 hours, and 75 per cent after 4rt hours, llditu) diyiiig 
was' continued for five days in shade at room temperature (27” to 30”C.) the loss in the j)russi(j acid, 
content was 77 }jer cent. Tlie plant (*ould not be made absolutely free' of prussic, acid even on dryitig 
in shade for 15 days. Acharya {luo rit) also found that drying in shade had little effect on tlu^ prussic 
acid coriLeiit. Swanson [192*1], however, stated that the shade dried sorghum contairif.'d only tract^s 
of prussic acid. 

A remarkable loss of ])russic acid was observed when the ])lant was dried in the sun o\'eii for 
short jjeriods. Bight hoiii-s drying reduced the prussic acid })y 90 per cent. Seven days drying 
under field conditions rendered the plant absolutely free from prussic acid. Leather [1900] foiimi 
that sim-dxying did not decrease the amount of cyanogenetic gliumside and Acluarya. {loc, cit) stated 
that sun-drying reduced the amount of prussic acid a])preciably. Chopra and Badhwar [1940] also 
assume that the well dried plants are not dangerous. This procedure of drying in the sun and leaving 
the plants out in the open at night was repeated thrice with the same results. The whole area under 
jmrii' crop was cured like this and fed to cattle without any untoward effects. 

An alternative method of curing was also tried hy ensiling the affected ]fiants. The b’esh plants 
were cut into two and ensiled in two small experimental pits of 4 ft, X 4 ft. X 4 ft. .Locally grown 
hay consisting mostly of Sncchamw- spoHlnneuitt {kins) was used as co\nw. Sam])les from one pit 
were examined after every 10 days for prussic acid. It may be seen from Tabic 11 that the plants, 
ensiled for about a month lost the entire prussic acid content. It i.s likely that tlic increased acidity 
and temperature in ensiling li})erates the prussic acid from its combiuation with the enzyme and 
it is subsequently decomposed. 


Table 11 



Hyih'ocymLW acid in ensiled, samples 

On dry basis 

f jawar 


Particulars 

mg. of HON per 100 gm. 


r Fresh sample 


14-9 

PitXo.I 

. 1 10 day,? ensiling 


5-2 


\ 20 days ensiling ....... 


1-0 


[ 30 days ensiling ........ 


nil 

Pit Mb. I r . 

. Two month, s en.siling ...... 


nil 


The ensiled sorghum from the second pit ojjencd after two montli.s was fed to thrc'.e bullocks for 
a period of 30 days with, no harmful effects. The animals T-olishecl the succulent fodder. 

Although there is no experimental evidence, Van Der Walt [1944] has drawn attention to a 
condition of chronic prussic acid-poi.soning if improperly cured soi-ghutn is fed over a, prolonged 
period. Similar views have been expressed in the U,S.A. Vcferhian/ Science 'Nines' Letter [1944] 
that small amounts of cyanogenetic forage is capable of causing demyelinatioii if repeatedly consumed. 

Summary 

Attempt has been made to utilize poisonous jawar as fodder by different trf^atmonts. It has 
been found that drying the affected plants in the sun for seven days or ensiling for 30 days renders 
the plant free from prussic acid. 


N. D. Kehar and S. K. Tadapatka 


REFERENCES 

Aciiar.yfi., C. N. (1033). [adiayi J. agrk. 3, 851 
A.O.A.U, Jlflliod of Analynin (1040) 

TJagchi, K. N. and Gangnli, H. I) (1941-42). Indian VkL J, 18* R51 

Henson, C. and Siiblja Rau, C. K. (lOOO). Bull. I)epf, Ayric. Madras 55 

Lhopi'a, R. iSi. iind Badliwar, R. L. (lOlU). Indian J. aytk Sei. 10, 10 

Leather, J. W, (iOlfO) Agric. J. India 1, 220 

Mann, l-[. H. (1.010). Bull. Agtic. Aladras bo 

Shanna., G. .K. (1035). Indian J. vd. Bc.i. 5. 37fi 

Swanson, M, C. (1021). J. Amer. Soc. Agron.l% \ 

U.B.A. Ycteriiuiry Science Xews Letter (1944) 14, 3 
Van Dar Walt S. J. 1944. Onderstepoo/l J. vet. ScL 19, 79 



INVESTIG-ATIONB ON EVAPORATED BUFFALO MILK 

’By C. Ajn’AXtakpjstiis'AX and Zal R. Kotha valla. Imperial Dairy Research Institute, Bangalore 
(Received for publication on 29 October 1945) 

E VABORATED milk' is <‘ondensed milk to ydilcli no extraneous sugar has i.'Cen aduecl and whieli 
has been sterilized in liermaticaily sealed cans. Much attenr.joii has been pfiid toVv-ards the 
study of the preparation and propej-ties of the evaporated cow's milk, but very little work lias been 
deme on the milk of other aniiiials. In India. Iniffaloes form an iniporlaiit source of milk and dairy 
pj'oduets and the milk and l)uttertat from lliese animals have formed the subject of many investi- 
gations. However, no information regarding the suitability of buffalo's milk for condensing .seems 
to be available. Therefore, investigations were carried out to get information as to (1) the possible 
lueiliotl of finding out the stability of evaporated tuilk during sterilization and (2) the applicability 
of ■ rapid tests ’ which are at present in general use (for cow’s milk) for pnedicting ilio heat sta])ility 
of eva])urated buffalo milk. 

ExPEEIMEjNTAL 

11)0 main factors contributing towaj'ds tlio success of milk corideiisiug are uniform lu'haviour 
of li<piid milk and uniffnin composition. Ibnforin compo.sition is imjjortant in controlling tbe degree 
of condensing aimed at, which is generally done )>y determining the spccilie gravity. The standard 
in Great Britain for evap'iorated milk is 9 pjer cent fat and 22 per cent solids-nol-fat. This gives a 
Eat : 8.H.E. ratio of 1. : 2--14 which nearly conforms to the ratio for the average composition of fluid 
milk and allows for a sliglitly lower Fat content. The United States standards arc lower than the 
above. Previous to July 1940 the minimum standards for evaporated whole milk wci'e 8 per cent 
fat and 28 per cent total milk solids. In tlie present investigation the fat : solids-iiot-fat ratio aimed 
at is 9 : 22. In order to o])tain this ratio in the raw milk and to facilitate the control of the degree 
of co.nceiitration reached later, the iicpiid milk is toned to 4*0 per cent fat always, unless othervrise 
stated. The milk used in all cas(',s was a composite sample from the iinrrah buffalo herd of the 
Institute farm. 

Milk was always taken for oojidensing four hoiu's after pi’od action. Condensing was done in 
a. pilot condensing unit inamifaciiu'ed by The Daiiy Engineers Idd., Edinburgh. Forewarmiiig 
was effected by steam in a tinned copper kettle wdth revohdng agitator, evaporation in a tinned 
copper vacimiri pan, and condensation in a surface condenser. The vacinnu is created by means of 
a -wet vacuum pump. 

tfACUDM PAN OPERATION 

The vacuum pan "was thorougldy rinsed with, waiter and steamed for .10 minutes. The air t'alvcs 
W'ere closed, and water turned into the (*ondenser. Then water ivas allowed into the vacuum pump 
UTid the pump ivas started. When the vacuum gauge registered over 62 cm. the valve of the milk 
pipe leading to the pan was closed. When the milk just filled the jacket and wdien it touched tlie 
steam coil in the pan. steam w'us tui‘ncd into it. WTien all the milk was drawn into the pa,ii the 
inlet W'as dosed and the steam pressure in the jacket wars increased giiulually and tukem up to 22 Ih. 
in about G minutes. The temperature of the vacuum pan was maintained between 122 to .[2t8"E. 
If the inside fen.iperature of the pan was increased more than ■j2S'^F. initially, milk would Ijegin to 
froth too much and might eveai be carried on to the condenser. Therefure, the si-eam pressure in 
the jacket should be carefully controlled. It has been found by various trials tliat a steam pi-cssiiro 
of 22 11). in the coils wars quite suitable for condensing the milk. The temperature of the outlet 
water from the condenser ranged from 110 to IIS^F. Just before the desired concentration was 
readied (judged by looking through the man-hole) a sample w^as drawn out from the pan and its 
specific gravity determined at a temperature of 110“F. When the specific gravity was about 1-OGG, 
the steam pressure in the jacket and the coils was reduced, the vacuum break opened, the vacuum 
pump and the steam in the jacket were stopped. The condensed milk is then drawn out of the pan 
and cooled to room temperature 72- 7G°F. 

After standardization to tlie desired composition, the evaporated milk was filled in 8 oz. sterile 
vent hole cans, or in sterile dass bottles plugged with cotton wool and used for sterilization studies, 

105 L 


106 , InvesUgation 07i Bviqmated JBvffah Mith 

Forty Jb. of‘ytan(ba'dizt?a niiik was used for condensing purposes aiuJ it generally t ook 20 to 25 ni'inutes 
to complete one batch. 

kStbrilization 

Bterilization was always carried out in an autoclave within two hours aft cm- condensation. The 
' coming up ' time. i.e. raising tlie temperature of the autoclave from room temperature to 240-8'"F. 
or 2-,18“F. was always adjusted between 20 to 25 minutes. The lime taken from starting the lieat- 
ing of the autoclave to the point of filling steam was generally 10 to i4 minutes, ujul fiinn this tinuj 
the heating was carefully done to r iise it to the i-erjuired pressure and temperature, and in no case 
were the aht)vc limits relaxed. After holding tlie samples at various temperatures and for diflerenl 
lengths of time, eooling was elTcetcd in such a way that the samples came to room tem])eralurc in 
20 minutes. In. order to make the results as nearly (tomparalde as possible it was necessary to choose 
an arbitrary rate of time at which to raise the temperature of tlie sterilizer to tlie temperature at 
which sterilization is to be effected. 

Effect of ecmccHlralion on the laiiperalurc <f coa(iul(iLio)i. of evaporated hvffnio 'mill', 

Forty lb. of milk toned to 4- per cent fat was taken for condensing and evaporated to various 
concentration. Not more than one sample of any two coneontrations was prepared on tlio same day. 
Concentratirms ranging from 18 to 22 per cent solids-not-fat were tried. For each concentration 
two samples on two different days were prepared. If the concentration exceeds the requirement, 
dilution was effected by divstilled vrater. All milk samples were fore warmed, to 205'T. for 5 minutes 
before concentration. Hpecific gravity, fat percentage and alcolml test of the raw milk were taken. 
The titrable acidity of the milk was expressed as percentage of lactic acirl. tlie titi’ution having been 
made with 0*1. N sodium, hydroxide with plienolphthalein as indicator. The specific gravity, fat 
percentage, total solids and acidity of the concentrated milk were also taken. Sterilization of the 
evaporated milk was effected in 8 oz. vent hole cans. Tlie coming-up period was 50 minutes in all 
cases. Duplicate samples of the two <.-oncentrations prepared on the same day were sterilized at 
temperatures 2'10-8. 2''}4*4.. 248-0. 251-0, and 257°F. for 5(» minutes a.nd the c;oagiilation, if any, Avas 
observed. The results of these experiments are pj-esenled in Table 1. 

Table I 


Effect of concent ration on the. tempe.ratnre of coa(fulnfinn of evaporated tmffalo milk 


iSumple No. 

Raw milk 

Evaporated milk 

S-N.!?. 
per cent 

Phosphate 

test 

Aleohol 

test 

S.N.F. 

])er cent 

'l-Vmp. of 
eoaguiaiion 

I 

8*8 



18-1 

257-0 


8-9 

+ 

— 

18-n 

257-0 

3 

8-9 

— . 

__ 

18-1 

253-4 

4 

8-8 


: — ■■ 

19*0 

257-0 . .. 

r> 

8-8 

+ 

. — 

19-() 

251-6 . .. 

6 

8-9 


■ 

19*2 

..'.■253-4 

7 

8-9 


-j- 

20-3 

24..B'0 

8 

8-9 

+ 

-1- 

20-1 

251-6 

9 

8-8 

— . 

+ . 

20-4 

2-18-0 

in 

8-9 


+ 

21-0 

240-S 

11 

8-9 



20-9 

244-.t 

12 

8-9 

.. -1- 

. — 

21-0 

244-4 

13 

9-0 



22-0 

237-2 

14 

8-9 . 


q- 

22-,3 

240-8 

LI 

8-9 


q- 

22-2 

240-8 
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p In general i*". can he conehuled (Vmn Table 1 that as tlie eoneentration of tiie snilk solid inci eases 

, tlie teinpernrurc of conGuiation for 30 minute .sterilisation deerea.ses progre.s.sively. hut there was 
no definite relationship l.)etweou e.oneentra.tion anti the <diaiige of eoaguiation temjjeratore. '22 
^ per cent S.N.F. .^ainj)le eould he .sterilised without eoaguiation, ]>etwcen 237-2 to 2'IM’F. for 30 
inimite.s, but a, few .saniple.s of 22 per (.'ont iS.N.F, which were not recorded in the table, coagulated 
even at 233'G'^F. 

Effect of various terr/peratures of ste'riUz(ttion on the time of coagulation of evaporated inilh 
ButTalo milk toned to 4 pcj* cent fat was forewarinetl at 20.3"F. for 5 minute.s and comlcnscd. 
to 22 per cent S.N.F. The product was transferred to glass bottle.s and sterilized for variou.s lengths 
of time at 233-G, 237*2, 240-8, 244-4. and 248-0‘^F. 'Four .sample.s tvere tried at each temperature 
and the re.sult.s are presented in Table 11. 

Table II 

Time temperature, relntionshi p in the sterUi'Mtlon of evaporated buffalo mill,' 


Time of cdafitilation in ininntc.s 



It can be seen from Table II that as the temperature of sterilization decreases the time required 
for coagulation increases for the product having 22 per cent S.N.F, The average time of coagula- 
tion for an evaporated milk of 22 per cent S.N.F. at 240-8°F. is about 25 minutes. The acidity of 
the samples of milk used in the above experiments ranged between 0-12 to 0-14 per cent. Six samples 
having 0-15 per cent acidity were found to coagulate at 233-6°F. in 25 minutes. 

g., „ 

Effect of temperature of forewarming on the time of coagulation of the evaporated milk 
The temperature and the time of forev-arining of milk are known to have considerable effect 
on the heat coagulation of evaporated milk. Webb and Holm [1932] liave showm that the eonceii- 
tration of S.N.F. is important in determining the effect of temperature and time of heating on heat 
coagulation. They conclude that forewarming at high temperatures lower, s the stability of samples 
with high cone entratioms of S.N.F. It i.s also known that heating a milk to boiling prior to its eva- 
poration strik^gly increa.se.s the heat .stability of its evaporated product. With a view to study 
the effect of forewarmiiig on the .stability of buffalo milk, various forewarmirig temperatures were 
tried. Buffalo milk toned to 4-0 per cent fat was forewarmed to 165, 185, and 203°F, respectively 
for five minutes and evaporated to 22-0 per cent S.N.F. and the time of coagulation at 240-8°F. was 
noted. Four samples were u.sed at each forewarming temperature. The re.sults of the.se experi- 
ments arel presented ill Table III. 

Table III shows that, a,s the temperature of forewarming increa.ses, the time of coagulation 
at 240-8'T^\ increases. All the four .sample i which were not forewarmed at all curdled at 240-8°F. 

V in less than five minutes. Forewariiiiiig definitely ii:crease.s the heat stability of tlie evaporated 

buffalo milk and heating at 203°F. for five minutes is comparatively better than lower temperatures i 

of forewarming. There is no marked physical thickening of the product prepared from milk fore- 
warmed at 203°F, for five minutes, on storage for about three montli.s, It was also of interest to 
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Taislk hi 

!‘ff(rt of foi'eimnni'iHf knivnvlum on tlir honl fifahil'itfi of eAxiporo led huff do iniUo ^ 


reinpiM'ai inT ol fnniwarmiii;^ 


Tiin(‘ oi‘ o(ni<fiiln1.Iuii tit :2i'U>K''F. in inhiiiii’H 
Siunitlo 'No. 


ISfi 

167 

no foreAViU'ming 


■Iko 

13-S 


Study the effect of rorewamiin^ at 20a'^F. for iO or 15 minutes to find out wlidlier tlie st-abilily of 
the evaporated milk <*ou]d he incroased or uol. IMilk was forewarmod ui 20 ff'F. for 5, 10, and 15 
minutes respectively and (-.oncentrated to 22-0 per cent B.N.F. The time of ('.oaguhition of these 
products at 240 - 8 "'F. ^Yas observed. The same sample of milk was use<i for forewarming at 5, lO 
and 15 minufos on the same diW. I’hrec sami)les were t!-ietl in each case and the results are fjre- 
seiited in Table IV. 

Table IV 


Efect of time of foTeioarmino at ‘20S^F. on the time of cooffidation of evapomlerl buffalo milk 



Time of 

I'oagulAtion at 2-10‘S' F. in ininiUtM 


Time of foi’invarming in ininnti';-' 


8iim]i]i‘ No, 




. ■ ■ .1 -1 
- 1 


3 

Avorni;o 

■■ ^ ' rr ■■ 

20 

2(f 

■ 20 

•23-8 

■ . .,10 

20 

20 

2o' . 

22‘o ' 

■'lo 

!5 

20 

15 

I(>‘2 


Table lY .shows that there i.s no significant difference, in results between 5 and 10 minute period 
of forewarimng at 203^F, but as the time of forewarning is incroased to 15 minutes the time of co- 
agulation decreases. The general conclusion drawn liy foreign workers on cow’s milk seems to show 
that as the time of fnrewarming is increased tlie heat stability is also increased {Rogers et al), but 
with -buffalo milk this i.s not strictly so. This cannot bo a.l!a’ibulcd to the acidity of the milk sample.s, 
for they ranged only between 0-1 “i to 0T4 as in other cases. Besides, in tlic cu.se of milk whicli had 
been forewarmed at 203°F. for 15 minutes, tlie body of the finished jiroduct wa.,s thick in consistency 
and pliysical thickening was observed after a. storage jioriod of three monHis. But the evaporated 
milk ])repared from milk forewarmed at 203°F. for five minutes was found to retain the creamy con- 
sistency even after keeping for one year, From the various experiments conducted so fur, it ha.'< 
been found that the forewarming of milk at 203°F. for 5 miuute.s i.s the most .suitu.ble for the prepara- 
tion of evaporated buffalo milk. The exact cause of the peculiar infiuence of forewarming iemj)era- 
iurc on the heat stability of buffalo milk cannot )>c explained at proscjit. 


Relation betweevi phosphate ami alcohol tests on the tints of eoafjnkilion of ecaporoted milk 
F(U‘ty lb. of buffalo mill: toned to 4*0 per cent fat wa.s foianvarmed at 2()jr]B ibr five, minutes, 
evaj)orated to 22-0 per cent S.N.F, and the time of coa.gulatioii at 240*8° F. was noted. Aleoliol 



test 


Alcohol 

test 


and pliospl;ale lost.s were carried out on railk maniples before forev/arniiu" and condensing'. Milk 
s etaisitlcred alcoliol I'josirive when a precijiitatc appcar.s with etjUid parts ('1 nil.) of milk aiul 7i 
r cent aj.coiiol. The point was laktni as jio'^itive 1o 7'1 ])er cent alcohol and nc.uatice to EVH per 
i1 .‘ih'ohol. When nctoitivo to (>8 per etnit tdcohol the milk was cotisidercd tiictdiol ncLOitivtc I'he 
method of ihuiusd>‘ll cl al iltKll] wa..s adopted for the phosphate test. Ton nil. of milk sample wiwc 
taken in a test tnlie of approximately 20 ml, capacity and one ml. of phospliate .solution (G8-1 ^mi. 
of mono b.asic potassium jiliospliate in one litre of water) was added to it. The contents of the tube 
'were then mixed and the tube.-; imriier.sed in a boiling water bath for 5 mimite.s. The tubes were 
thmi 1 ‘enioved. cooled and the mixture examined for the presence of curd. Any visible coagulation 
indicated that the concentrated product would lie of a low heat stability. Twenty-live trials wore 
conduet{‘d with farm iiroduced milk having iichlity ranging from 0-12 and 0-15 per cent and the results 
are presented ill Table VA 


Table Y 


From the above table it is seen that when the alcohol te.st is negative or the coagulation time 
ranges between 20 and 23 minutes. F-ighteen samples out of 25 gave an indication from the alcohol 
test that-they are fairly heat stable. Seven samples which gave po.sitive alcohol tests coagulated 
within 16 minutes. Therefore, there is some relation between the alcohol test and heat stability 
of the evaporated product. Fourteen samples which gave negative phosphate tests coagulated 
at a temperature ranging from 1 4 to 23 minutes, while seven others whicli gave positive phosphate 
tests were fairly heat stalile and four others wdiich gave positive phosphate tests were not heat stable. 
Therefore, comparatively, the alcohol test appears to be more relialile in predicting the heat stability 
of the evaporated buffalo milk. 


U. .F. AlvTAKTAKETSHNAl^ Am) ZiAL JX. IkOTHAVALLA 


PiC.la/imi of alcohol mni phosphate test with tJie time of coafpdation of empomied buffalo mill' 


The effect of added salts on the heat coax/alation of evaporated milh 


The temperature at which evaporated milk curdles during sterilization i.s greatly atfeeted and 
to a large extent controlled by the balance of milk salts. This fact is knenvn in a general way but 
it remains to be investigated how added salts affect the heat stability of evapoi'ated bulfalo milk. 
Milk with 4-0 per cent fat was forewarmed at 203°F. for 5 minutes and condensed to 22-0 per cent 
S.N.F, In each of the 6 .sterile bottles 140 gm. of the evaporated milk were taken, and one of the 
bottles w’as used as a control. To the others 0-2, 0*4, 0*6, 0*8 and 1 *0 ml. of di-sodium phosjdnite 
solution (8*4 per cent strength) were added and well mixed. Wiierever necessary the sample.s 
were adjusted for dilution by means of distilled water. All the samples were sterilized at 240*8° F. 
for 30 minutes. Similarly, the efVei'.t of sodium citrate of various concentrations on the heat coagula- 
tion of evaporated milk were also studied. Thus the effect of both these salts on the lient stability 
of ovaporatiid milk was independently investigated. Twelve samples were tried and tlie results are 
proxeufed in Table VI, 


Number of trials 


(-o!i<fuhition 
time at 
240-8^ lA in 
minutps 



invesHgauon on Mmpofatm JiujjaLo imik 


Effect of stahilir.eni on the heat cominlatlov of eraporated hvfjalo milk at 2 W'S'"F. for 30 nhinmlcH 


Amount of NiuHro^ uti( cl in ml, 


fcs ample' iso. 


Amount of sodium oil rate in rnl. 


added, sIlow good heat stability as compared with the lower or higher concentrations of the salt 
solution. The optimum concentration is found to ho O-h ml. This corresponds to a concentration 
of 30 mgm. per 100 gm. of evaporated niilk. Ihit sodium citrate seems to require a diirercnt con- 
centration. A concentration of 0*8 nil. is ibund to be the optimum. This suggests that for each 
batch of the evaporated milk a pilot steriIii:ation is nec't'.ssaiy to iix the amount of sta])ilizers to be 
used for safe sterilization. 

Twelve samples of buffalo milk were obtained from a local farm and they \\ere found to have 
acidities ranging^ from ()*U to 0*18 per cent lactic acid. Eight samples gave a jiositive result to 
alcohol test. The .samples were forewarmecl at 2()3'’F. for 5 minutes condensed to 22-0 per cent S.N'.E. 
The sterilization at 240*8"F. for 20 ininutc.s was effected witli gi-aded amounts of .sodium liicarbo- 
nate in a way similar to that carried out with, di-.sodium hydrogen pliosphate. It wa.s found tliat 
though all the samples of evaporated milk were heat sta!>le at a bicarbonate concentration of 0*8 ml. 
for every 140 gm, of evaporated milk, they all became brown in colour. For tlie other four sample.s 
sodium bicariionate was found to be of no use and hence, sodium citrate was tried, A concenfra- 
tion of 0*2 ml. for every 140 gnu of evaporated product was found to be .suitable. 

Evaporated inilk sterilizecbat 240*8°F. for 25 minutes in vent-hole cans was eptk for one year 
and it was found to be in good condition. 

Some of the evaporated milk samples prepared from the luiffalo milk olitained from a local 
farm, though found to be heat stable were not completely sterile. They were examined and found 
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to contain wpores and rod shaped organisms. Fresh samples of evaporated milk containing 22*0 
per cent S.N.F. were inoculated with these spores and organisms before sterilization and heated to 
248''’F. for 20 minutes. After this process, the samples were incubated foi ?> days at 98-f)°F, to find 
out wliethei' they survive or not. None of these samples were found to ])e sterile. Jn another trial 
the time of holding at 248'^F. was increased to 30 minutes and tlien the samples incubated as before. 
It was found that these samples were practically sterile. But the holding time of 30 minutes at 
2l8■d^’. for evaporated milk with a 22*0 per cent S.N.F. was found t(> be too sniich for tliis reason, 
that the final product curdled in the sterilizer. So, when those heai. resistant spores get into milk, 
which is to be used for the mamiracture of e.vapoiated milk, the only way of getting at a wholesome 
sterile product is found to be, to concentrate tlie milk to only 19 per cent. B.N.F. and sterilize at 248'T. 
for 30 minutes. But, this procedure would give a final pj’odiict satisfying only the IJ. 8. .Standard, s 
for evaporated milk. 


Summary 

The suitability of bulfaio inillv for the manufacture of evaporated milk was investigated. 

It has been found, that as the concentration of the milk solids increases, the temperature of 
coagulation of the o\'a]jorated milk for 30 minutes sterilization decrease.s progrcsslveh\ 

For a product having 22*0 per cent solids-not-fat, as the temporal urc of sterilization decreases 
the time required for coagulation increases. 

With milk containing 22-0 per cent S.N.F. the temperature of forewarniing intliiences the time 
of coagulation. A five minutes forevrarming at 203°F. was found to he tlie most suitable for buifalo 
milk. 

Tlie alcohol test was found to be more reliable tliaii the phosphate test in predicting the heat 
stability of evaporated buffalo milk. ' 

Stabilizers like di-sodium hydrogen phosphate and sodium citrate increase the heat stability 
of evaporated bulTalo milk. 
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NCTHTTTVE VALUE OF RAW AND BOILED MILKS OF COWS AND BUFFALOES 


By H. V. STX<iH. V. R. Bhalerao and C. P. Anantakiushxan, Imperial Dairy lieseari'h In>;feirute, 

Bangalore 

( FJecei ved for pnblieation on il fc>eptembc*r !94t>) 

(With one text-figure) 

I N Lidia-, dilTei'ejit methods are adopted for pi'ocessing milk. Kur house-hold cunsiimption 
milk ih some ])arts of India is brought to boil and allowed to simmer for about ten minutes before 
eonsum}>tion. In certain other parts of the country, it is comuion to continue boiling for longer 
periods or even allow milk to simmer for over snch long intervals as 10-12 hours. It is. th(‘refores 
oUgreat importance from the point of view of human nutrition to ileterniine whether any dimuni- 
ti(ui in the nutrith'e t^alue of milk of either cow or buffalo is brought about })y boiling, in foreign 
c-ountries where a large proportion of milk is ])asteurii-;ecl the (.[uestion as to whether oi- not heat 
treatment seriously diminishes the nutritive value of milk has been (cxhau.stively studied. A large 
number of ijivestigatinns are reported and the results are summarized by Stirling and Blackwood 
119;->l] and Ron [LkM]. It is generally concluded that pasteurization does not materially affect 
the nutritive value of milk. In holder pasteurization method, milk is not taken ovei‘ llo'F. and 
the question arises whether taking milk to boiling temperature or simmering it as is usually <lone 
in our country, affects the nutritive value of milk. Henry et <il [lb?>8] studied the effect of com- 
mercial sterilization on the nutritive value of milk and found that there were no differences in the 
growth promoting values of milks. The rats on sterilized milk consumed it more readily than their 
mates on raw milk. Mitra [1942] studied the growth promoting and biological values of procins 
of raw cow and buffalo milk and concluded that there was no difference i7] their gi-owth promoting 
values. In the ]jresent investigation, the common method of pi’ocessing milk namely boiling for 
ten minutes has been adopted to determine the effect of heat treatment on the nutritive vsdue of 
niilks of cow and buffaloes, . ' 

Experimental 

Raw milk was collected daily for the feeding experiments from the whole bulk of cow and buffalo 
.niilks from the herd of the Imperial Dairy Research Institute. A part of the sample was heated 
to boiling and simmered for about ten minutes, taking care not to allow any skin to be formed on 
the surface by keeping the hcpi’id contmuously stirred. It was then cooled taking the same precau- 
tion. The buffalo milk was toned with separated milk to the saitie fat jierceiitage as cow milk before 
heating. 

To study the nutritive value, the technique of Henry and Ron [1937] was adopted. Voimg 
rats were weaned when 21 days old and placed in experimental cages when 28 days old. Twelve 
male litter mates ironi 12 animals were used for each group and were fed exclusively on raw or boiled 
cow or buffalo milk. siq)plemented with minerals. Iron was siqiplied in the form of ferric chloride, 
and copper and manganese as sulphates. The minerals were administered per animal per day as 
follows : 

First week -0-5 mg. Fe ; O-Oo mg. (hi. 

Second week— O-o mg. Fe ; 9-05 mg. Cu ; O-Ol mg. iVlii. 

Third Week and subseiiuently— 1‘5 mg. Fe ; 0*15 mg. (.hi ; 0-15 mg. Mn. 

'fhe animals were fed <til libiium. During the first two weeks the minerals were placed in sinali 
amount of milk' fed in the morning and addiitional milk supplied, m the evening. From third week 
30 ml. of mineralized milk was su])pliod in the morning and the ailditional untreated milk in flic even- 
ing depending on the amoimt consumed on the previous day. The rats were weighed every fourth 
day. The exjieriment lasted for two months, at the end of which jieriod tlie animals were killed 
by anaesthetising and the body length measured from the tip of the nose to the centre of the anus. 
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Nutriiive value of raw and hailed M ilh 4 


Boiled cow milk 


Raw huff ah milk 


Boiled buffalo milk 
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Fui. 1. Growth i)r()m»tiiig value of milks (mate rata,) 


>f the e.'Lperinieiit iire shown in Fig'. I, which shows the gi'owtli cnrv(‘ lor 
})es of milks, hi Tallies ], 11, 111 and IV are showm the total gain in w('if 
, milk consumed, gain in weight ]ier 100 ml. of milk consumed over a ])erio( 
md the body lengths of the animals. Tlu> statistical data are shown in Ta 


.’eare 1 on 







Table 

lief^ult of tlip. e,?:.pei'.imen,t of feorling rats on raw buffalo’s milk 


IsuWitme Yalw. of Buu' ami BmJed Milh^ 
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lABLE O 

Statistical treatment of the avmw^e gam in the weight at 4 and 8 weeks period and the body lemdhs of the 
experimental animals when Jed exclusively on mUh diet supplemented by minerals ' 

■ Tr” __ _ ^ ^ 



Gain in 
wt. in 

4 weeks 

iStaudard 
erroi- of 
the mean 

Gain in 
w t. in 

8 week.s 

Standard 
error of 
the mean 

Body length 
when killed 
(mm.) 

IStaudard 
error of 
the mean 

jRa.w cow milk .... 

77-5 

^ ±1’7S 

132-0 

±3-09 

1 

i9:{-3 

±0*74 

Boiled cow milk .... 

74-0 

il-38 


±1-62 

ia3-7 

±1-38 

i:taw bulialo milk „ , 

74.-7 

±l-81 

129-0 

±3-22 

lfM-4 

±M7 

Boiled buffalo milk 

75-3 

±I-4S 

130-5 

i2-.39 

189-5 

iO-43 





Raw oiiw milk 
Boiled cow milk 
Raw cow milk 
Raw biiHaio milk 
-Raw cow milk 

biilftilo milk 
cow milk . 
Raw bufl'alo milk . 

cow milk , 
Boiled bul'f'alo milk 
Raw lintValo milk . 
Boiled bulialo milk 


Discussion 


Nnl .si^fuilieaul 


Mol,, aignilieanti 


the four types of milks. They were in good llcsli. 
It will be readily seen from 1 that rats fed on 

,....4.1. rin.,. 1... . • • ' .T, , 


All the niiiiiaals grew exceedingly well on 

their ('oats wen; snu)oth and their eves bright 

... xvw*ixj ILKJUJ X'lj'. 1 eufae rams jeu on 

t inillvs .slunv almost the same rate of growth. The animals receiving cow milk had giwn 

betlei- bnt tie* gain was not statistically significant. As seen Irom Ta,bles 1, If, III and .IF 

diliercnces in daily gains in weight made by rats fed on different milks are iiegligibie. The. 

efiK'iency ol utilization of milk as measured by the gain in weight per 100 ml. of miik was also same 

tor it 1 1 1lie groups. The figures for milk consumption further revealed that there was no difference 

m the appetite of the rats iu the various groups. Thus it is seen from the results of the experiment 

that boiling either cow or liiillalo milk for about ten minutes had no appreciable elfect on fclioir growth 

values. When the body lengths of the rats fed on these milks iire taken into considera- 

killing it was found that the mean body length of the rats on boiled buffiilov^' milk was 

those on either raw bulfalo milk, raw cow milk or boiled cow 
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■Nutfitive Value of Raw_ and Boiled Mills 


Summary 

m male rats were fed ad libitum for a period of eight weeks on raw ant! boiled milks of cows 
ami bnliaioes supplemented with minerals. - No differences were observed in t]i <3 growth in’omoting 
values under the conditions of boiling, w., allowing the milk to simmer for* ten minutes. 
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DETEliTION 01^ AEULTEEATION OF MILK WITH MILK POM^DER 

KyK, K. Rh\ma Rastuy niid Noshir N. Dastimi, Imperial Dairy Rosoarrii Irisiituie. Baagaloro 
(R(^ceived for publication on 5 .LiKiiKt I9-M>) 

'Lv 3].'muii oiiOrip skim-milk powder is available aocl ibis is used freely iu ('ertain urban 

eeiilro hi tone wliole milk rieb in fat. If the milk pov.der solution is prepared curffuliv auil toniiin-i 
so e;wi'i(ui out that the final product conforms to the legal standard for fat I'ercentage in milk, this 
tonuing cannot be detected by the routine methods normally used for testing uiiJk. Nutritionally 
siKili tonning is not objectionable but there is no doubt that the product cannot be regarded as germiiie 
milk. Further, such a practice has graver effects on the genuine liquid milk market lliau arc 
apparent at first sight and rccpiires to be curbed by all available means. 

The problem, of adulteration of milk with milk powder is peculiar to the urlaari centres in India. 
Studies have bcc.n, therefore, undertaken to find simple methods w,liich will prove useful under house- 
hold conditions and the laboratory. The results of these studies are given belowu 

Experimental 

l . Milh powders med 

Three brands of milk powders were used, viz., spray-dried skim-milk powder (.New Zealand) ; 
roller-dried sldm milk powder (Benares) ; and roller-dried whole milk powder (Benares). Rolutioixs 
of d iff erenf powders v.'tu'e prepared as follows : 

(i) Spray-drml sl-im-milh powder, S.kim-milk powder, 9-5 grn.. was sprinkled over 90 nil. of 
water (40'T'.). shaken for a minute and filtered tlmough muslin. The fat percentage of this solntio.n 
was O'l ])er cent and tlie solids-nqt-fat content 8*4-8'5 per cent. 

(ii) Boiler-dried sMm-wdlk powder. A quantity, 9*0 gin., of the powder were spu'inklcd over 90 
' ml. of water (00”0.), .shaken for one minute, cooled and filtered through muslin. The fur pcvc'cntagi^ 
‘ of the reconstituted skim-milk was 0‘25 per cent and tlie S. N. F. varied from 8-4-8*5 per cent. 

‘ (iii) Roller-dried whole milh poivder. Whole milk powder, 10'2 gni., was s]iriukled over 90 ml. 
■of wafer (G0°0), sliaken for a minute, cooled and filtered. The fat percentage of this solution varied 
from l-4-I*6 per cent and the S. N. F. from. 8*4-8'5 per cent. 

In all cases it was aimed to get S. N. F. of about 8*5 per cent and so the quantity of powder to 
be used w'as varied accordingly. , 

2. Preparation of lonved niUk 

For preparing tonned milt:, the fat percentage of tresli whole buffalo milk was brouglit to l-U 
per cent and that of fresh whole cow milk to 3-5 per cent by adding appropriate amount of 
respective milk powder solutions. 

3. Tests tried 

(i) Stabilitif to heat. Pure samples of milk, both raw and boiled can easily be distingni.s'heci 
from similar samples of milk powder by theij- odour. However, .such distinction could, not be made 
so easily with tonned sa,mp]es. Hence trials were carried out by incubating the samples for different 
lengths of time at 37®C. This temperature was selected as facilities are usually available for main- 
taining it in all public health laboratories. 

In a scries of experiments samples of milk and tonned milk, 50 ml. in glas.s stoppered bottle.s. 
wer^ kej)t at 37°C. The flavour was compared at intervals of an hour over a period of eight hours. 
It wa.s found that under these conditions tonned milk samples developed a peculiai* burnt fiavour 
wdiich cbarac-teriscd them from other samples. This flavour lieoame very p!'onou,*iccd after four 
lioims inculantion and longer intervals difl not seem to make much difference in the i:itensiry of fiavour. 
This observation was made both with cow and buffalo tonned milks., 

In the jibovc cxficrinients it was fomid tliat to distingutsh tonned milk from piii'c milk, it was 
neccssfu:y to lin\c saundes of raw milk foi- comparison. Due to the development of acidity during 
.in(‘ubnt ictu tiic hiiVid favour in f onned milk became .slightly masked. To overcome tliis, te.st,s were? 

119 ' ■ ■ 


BesuUs of rennet test with raw, boiled and tanned buffalo milk and raw and boiled spray dried separated 7mlk 
■ (d^g^dation time in seconds ) 
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eacried out as described above but before incubatmg a drop of formalin was added. ’Bv tbis 
moddication of tbe test, tbe distinction between tonned and pure sampjcs bec^aiiK-. very sLarn a,nd 
ioniied milk could be detected without the slightest ambiguity. 

In practice tliis tesl Ims proved (o be tJie simplest ami tbe iiiokI soimalive icsl, of iIu.m- tried 
lor distmguishiiig milk tonned with milk powder. 

For this test 50 ml. of milk were brought +o;}7'^(!. and I ml of io noi* 
Hansen s liquid rennet added, wliile stirring. The time when llaki^s first appear was no1 ed. '' ' 

Preliminary studies showed that diluting the milk under test with distilled water lielned In differ 
en lale between pure and tmined milk. Hence this method was adopted for all the stmlU desm-ilKHi 
below. Tile results m detail are given in Table I to VI. The figures 0, .15, dO, etc. in the he-idim-- of 
the iable represent the percentage of distilled water added to milk (V/V). ^ ' 


Table III 


Itemet test with buffalo milk and tonned buffalo milk {roller dried whole milk -powder) 
{Coagulation time in seconds) ■ 


Sjeriul 

Number 


of original raw milk 


Raw samplesi 


Original milk 


Toimed milk 


Percentage adulteration 



0 

30 

50 

: 0 

30 

50 

8-45 

«4 

50 

62 

768 

017 

1125 

S-50 

8(5 

08 

112 

217 

310 

375 • 

s-ra> 

76 

84 

07 

412 

052 ' 

1800 

8-4S 

42 

40 

30 

103 

261 

330 

8-42 

40 








-o 

252 

251 

378 

S-38 

56 

52 

54 

182 

215 

362 

8-3G 

43 

34 

30 

102 

107 

128 

8-47 

, 47 

42 

41 

207 

275 

421 

8-37 

71 

68 

75 

3,57 

663 

1800 

H-3d 

67 

71 

80 

190 

264 

435 

8-42 

66 

62 

58 

314 

417 . 

777 

8-.86 

(■ 

6U 



57 

67 

323 

566 

lloo 


S-i'2 




■ y«riiil 
'Nuriibfii' 
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TABL3B5 lY 


E/‘irtirl u'ItJi buffalo milk and tmned buffalo milk {roller dried dmi-ni'ilk rou'der) 
{Coagidation time in seconds) 


Fat i S.N.F. 


of original raw milk 


0-40 

6- 70 
fl-90 
o-9o 

5- 70 
f)-90 

6- 15 
O'ilO 
ft-oO 
rt-70 

7- :{() 


8-58 

8*09 

8-o6 

8-45 

8-i>2 

s-m 

8-17 
8 -00 
soil 

8-42 

S-oU 

8-41 


1 Raw samples 

Original milk 

Tonned milk 

1 Perffcntagc adulteration 

0 

30 

50 

0 

30 

42 

40 

39 

354 

503 

78 

72' 

83 

597 

947 

50 

48 

4.8 

670 

1082 

93 

103 

144 

440 

944 

49 

4:1 

25 

444 

725 

5(5 

52 

54 

351 

4-77 

43 

34 

39 

302 

■1.05 

71 

68 

70 

563 

1008 

157 

71 

80 

270 

402 

(10 

57 

67 

554 

1035 

5(5 

54 

59 

383 

564 

45 

44 

48 

263 

3‘33 

59 

57 

63 

432 

624 


1120 
1800 
1800 
1 800 
Oil 
722 
821 
1800 
795 
1800 
005 
508 


Serial 
Number ! 


Average 




'I'ABl.E V 

Rennet test until emv milk and tonned cow milk {roller dried whole milk yrwdei) 
{Coagidafion time in seconds) 


of original raw milk 


5-70 

4-SO 

fMo 

4-80 

4-70 

4-30 

4-50 

5*80 

4- (55 

5- 50 
5-30 
4-70 


8-00 
8-42 
8 "50 
8-48 
8>50 
H‘38 
8-3() 
8-47 
8-35 
8-42 
8-30 
8-45 


Raw samples 


Original milk 


Per ee ntage ad ultorati on 


0 

30 

50 

0 

30 

50 


138 

•VW 

275 

375 

432 


99 

128 

322 

382 

445 

35 

26 

26 

185 

265 

482 


63 

69 

262 

372 

.875 

38 

32 

31 

96 

151 

215 


30 

30 

96 

160 

275 

• 42 

30 

37 

228 

391 

1247 

56 

54 

57 ' 

196 

261 

635 

78 

82 

98 

222 

290 

791 

100 

111 

143 

630 

1 158 

1800 

81 

89 

116 

329 

617 

1 800 

99 

103 

119 

345 

612 

1800: 

68 

■ 72 „ 

90 

265 

336 

900 



Serial 

ISTumber 


Original buffalo milk . • 

Tonned »5 

Tonned milk diluted Id per coni 
„ „ >! 

” ,, „ 50 j>or oont 

Milk powder aolution 
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Table VI 

Uenuet mt with roiV milh and lamed cow milk {roller dried skim-milk poivdcr) 
{Goagulutim time in seconds) 


Avemffe 


Hhw ■i!imp]i‘,!s 


Original milk 


Percentage adulteration 



0 

30 

50 

0 

30 

4'30 

8*53 

62 

63 

60 

148 

233 

5*95 

8*56 

91 

106 

142 

780 

1590 

4-40 

8*53 

52 

49 

48 

184 

203 

4-70 

8*56 

38 

32 

31 

63 

56 

64 

4>30 

4'50 

8*56 

8*47 

36 

42 

30 

36 

30 

37 

58 

444 

4-65 

8*01 

78 

82 

98 

281 

436 

5*30 

8*42 

81 

89 

116 

385 

745 

5*30 

8*50 

75 

75 

86 

405 

646 

5*20 

8*41 

69 

70 

89 

298 

422 

3*90 

. 8*49 

72 

77 

90 

270 

372 

4-10 

8*56 

74 

78 

79 


385 


8*52 

1 

66 

1 

76 

282 

466 


280 
1 SOO 
822 
70 
01 

1180 

1040 

ISOO 

1410 

lOOO 

'till 


The following is a suinniary of the results given above : 

[A) Buff(tlo milk townvd with syrajj-drird sjdm milk powder {T(ihle. I) 

(i) With raw buBalo niilk, the time of eoaguiation on dilution wiili distilled water tenris to 
decrease slightly with 15 and 30 per cent tlilulion and iiuTeases by about 7 per cent with 50 per cent 
dilution* 

(ii) Under identical conditions of dihition, tlie time of coagulation of tonned milk increases 
as shown by the following average figures : 


Average 

Mininnnu uiid 

Pt'rcentagi* 

increase 

Perccnlage 

increase 

time 1 of 

maximum 

over 


coagulation 

limits 

original 

1 oimcd 

(.socouds) 

(seconds) 


milk 

53 

35 

98 



85 

53 

129 

' '60*4 


91 i 

55 

133 

71 -7 

5*8 

96 

56 

191 

8M 

12*9 

136 

84 

297 

156*6 

60*0 

379 

285 

650 




{ill) Boiled bmTalo milk gives an average value ol‘ MS seconds for coagulation (minimum 70 
simum 257) ; ■i.fi., an increase of 179 per ccni over tip- value for raw milk, 
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(iv) Bie increase in time of coagulation of boiled buffalo milk with difliii'ent dilutions were as 
follows : 


Average time. Miniruum and j Pt-rtmia gf 
of coagulation maximum limits i iiHirtiase over 


15 per oeiil 
30 fun- cent. 


(seconds) 

HH) 


(v) Boiled tonned milk shows the following changes ; 


•Dilution 

Average 

1 time of 

1 coagulation 

1 (seconds) 

Minitmim 
and I 

miiiXiinum 
limits 
(seconds) 

[ Percentage Percentage 

! increase increase over 

1 over boiled tonned 

milk boiled milk 

Boiled tonued milk . . . 

210 

110 323 

1 . 41-9 .... , ■ 

„ ,, diluted 15 per cenb 

354 

112 403 

i 71-6 20-!) 

,, ,, „ , , 30 per cent 

403 

. 

134 677 

i m-6 91-4 

1 


(B) Ccm milk Imimed with spmy-dned milk powder (Table II) 

(i) Raw cow milk shotvs a distinct increase in time of coagulation with different dilutions as 
follows : 


Dilution 

Average time of coagiilai ion 

Percentage increase over ort- 
ginal milk 

15 per cent . . * . , . . 

SO ■ , I 

3-5 


101 

17'5 

50 . , ■ . . 

154 . 1 

■t- 1 

71M 


(ii) Under identical conditions of dilutions, the time of coagulation of toiined cow milk gave 
the following results : 


— 

Average time 
' of 

Minimum and 
maximum 

Percentagt^ 

increase 

over 

Percentage 

increase 

over 




milk 

milk 

milk ...... 

116' 

45 180 

34-9 


,, diluted 15 per eeui . 

115 

45 223 

33-7 

0 

,, ,, 30 per cent , . . | 

168 

' 46 357 

95-3 

46-1 

„ „ 50 per cent . . . j 

384 

i 72' 425 

230-3 

147-0 


(iii) Boiled samples take on an average 288 seconds for coagulation, an increase of nearly 
835 per cent over ratv milk. The corresponding figure for buffialo niilk as mentioned before was 
179 per cent. 

(iv) The increase in time of coagulation of boiled c<»w milk with different <lihiti(>ns were a.s 
Ibllows : 


Average 
time of 
coagtilalion 


Mitjiuium anti 
mivximuiii 
limits 


r-*t;rfen tage 
increase 
over boiled 
milk 




Boiled cow milk . . . . 

,, „ „ diluted 15 per cent. 

„ „ „ „ 30 per cent 


145 522 
166 1027 
194 1800 




128 
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(v) Boiled tonned milk show the following changes : 


Average time Mmiiunm ami 
of maximum 

coagulation limits 


Boiled touucd milk 


diluted 13 per cent 
„ 30 per cent 


(C) Voiv and bvjfalo nvilk lonmd with rollcrdried, milk jxywders [Tahlen lll-Vl) 

From the results it is seen that the addition of these particulars brands of rollt'r 
increases the time of coagulation to a very great degree and there is no ambiguity in (kd 
milk. 

On the basis of the above results a tentative .scliome for ditferentiating ge.nuine 
boiled milk is given below — 


icut (liKtillcd \vul..f 


Rennet teat 


Increase in time of coagu- 
lation about 10 
per cent 

Itaw hujjulo w lit 


urio in time! of coagulation 
‘i- d()(» p(!r cent, lioilrd 
<!' (it tunned euw mltk 


Tuimal iiiilk 


This scheme can be still more simplified if it is assumed that under market conditions the aiudyst 
will have to deal with either raw cow, bulfalo or tonned milk. In that case the rennet test is carried 
out with original milk and of the same milk after 50 per cent dilution with distilled wmter. The 
interpretation of results will be as follows : — 

1. Change in time of coagulation not exceeding 10 per cent . . , . . Buffalo milk 

S. Increase in time of coagulation between 20-50 per cent . . . . . Tonned buffalo milk 

3. Increase in time of coagulation between 75-100 per cent ... . . Cow milk 

4. Increase in time of coagulation of 200 per cent and over , . . . . Tonned cow milk 

(iii) Estimation of iotal Residue. A quantity of milk 40 ml. were centrifuged in a weighed 
tube for 25 minutes at a speed of 3,000 r.p.m. The supernateiit liquid, including the fu,t layer, were 
decanted off without disturbing the sediment at the bottom and drained for 30 scc-onds. The sides 
were wiped carefully with wet eotton-wool remove any fat sticking to them. The residue wa.s 
dried, cooled, weighed and results experested as gm. K)0 ml. 

Preliminary trials showed that when working with wed, residue concordant resiiits were not 
obtained and it was necessary to dry the residue to a, constant weight. 

. The results are given in Tables VII-X. 
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JJrji rttrJdnc- i/i- tanned buffalo milk {tipray-drUd skim milk powder) eiprcnml in gm.j 100 ml. 



Raw samples 

Boiled samples 


Percentage dry residue 

Percentage dry residue 

No. 
















Milk powder 



Milk powder 


Original milk 

Tonned milk 

milk used for 

Original milk 

Tonned milk 

milk used for 




tonning 



tonning 

l’ 

0-1062 

0-1930 

0-4160 

0-1095 

U -1365 

0-2010 

2 

0-0890 

0-2270 

0-3440 

0-0660 

0-1460 

0-1570 


U -0795 

0-1805 

0-2870 




4 

0-1147 

0-2320 

0-3615 

0-1225 

0-1775 

0-1955 

5 

0-0600 

0-2120 

0-3345 

0-0535 

0-1220 

0-1516 

6 

0-0937 

0-2367 

0-3807 

0-1157 

0 - 14:30 

0-1515 

7 

0-1160 

0-2635 

0-3150 

0-1055 

0-1130 

0-1690 

8 

0-0560 

0-1877 

0-3590 




9 

0-0630 

0-2010 

0-3335 

0 - il 60 

0 - i 500 

0 - i 920 

10 

0-1196 

0-2182 

0-3941 

0-1202 

0-1240 

0-1527 

11 

0-0700 

0-2530 

0-3170 

0-1520 

0-2545 

0-2440 

12 

0-0870 

0-1067 

0-3957 

0-0995 

t 0-1500 

0-2005 

13 

0-1302 

0-2250 

0-3295 

0-0975 

0-1676 

0-2125 

14 

0-1040 

0-2015 

! 0-3015 

0-0960 

0-1990 

0-2085 

16 

0-0896 

0-1780 

1 0-3847 

0-0860 i 

0-1390 

0*1635 

16 

0-0700 

0-1855 

0-3595 

0-1120 

0-1195 

()-1780 

17 

0 0765 

0-1805 

0-3375 

0*1505 

0-0687 

0-2192 

18 

0-0920 

0-2080 

0-2180 

0-1060 

0-0574 

0-1740 

19 

0-0475 

0-1515 

0-2727 

0-0970 

0-1450 

0-1695 

20 

0-0840 

0-2305 

! 0-2780 

0-0740 

0-1412 

0*1687 

21 

0-0740 

0-1832 

0-3960 

0-1601 

0-2259 

0*2768 

22 

0-0830 

0-1235 

0-3128 




23 

0-0910 

0-1630 

0-2820 1 

0-1235 

0-1510 

0-2015 

24 

0-0437 1 

0-2172 

0-4170 

0-0967 

0-1185 

0*1467 

26 

0-1230 

0-1700 


0-1477 

0-1510 


26 

0-0525 

0-1637 


0-1150 

0-1282 


27 

0-1050 

0-1602 


6-0525 

00765 


28 

0-0560 

0-0907 


0-1050 

0-1030 


29 

0-0980 

0-1470 


0 - 09 (> r . 

0-1175 


30 

O - 069 O 

0 - 11.85 


0-1005 

0-1890 


31 

0-0912 

0-1262 


0-0657 

0-1130 


32 

0 - 0 S 75 

0-1372 


0-0900 

0 -( H 185 


33 

0-0950 

0-1645 


0*0650 

0^1050 


34 

0-0785 

0-1447 


0-1022 

0-1300 


35 

0-0890 

0-1990 


0-0945 

0-1275 


36 

0 - 0.730 

0-1662 


0-1122 

0-1482 


37 

0-1190 

0-1827 


0-1105 

0-1730 


38 

0-1120 

0-1880 


0-1125 

0-1580 


39 

0-0807 

0-1455 


0-1022 

O - J -222 


40 

0-0802 

0-1637 


0-1060 

0-0144 


A1 

0-0572 

0-1177 


0-1005 

0-1415 


42 

0-0715 

0-1400 


0*1090 

0 - J 380 


43 

0-0622 

0-1352 


0-1012 

0-1272 


44 

0-0512 

0-1125 


0-1035 

0-1230 


Aremge 

1 0-0814 

0-1778 

0-3428 

0-1037 

0-1325 

0-1872 


rt 


1 % 



Boiied sample 


Milk powder 
milk used fV)r 
t(mning 


Tonned milk 


0-0960 

0-1090 

0-0885 


0-0545 

0-0475 

O'O-Wa 


0-3345 

0-3807 

0-3150 

0-3690 

0-3335 

0-3941 

0-3170 

0-3957 

0-3295 

0-3015 

0-3847 

0-3595 

0-3375 

0-2727 

0-2795 

0-3128 

0-2820 

0-4170 


0-1250 

0-1150 

0-1140 

0-0790 

01560 

0-1380 

01490 

0-1410 

0-1311 

0-1030 

0-1260 

0-1740 

0-1535 

0‘0727 

0-1140 

0-0930 

0-1110 

0-2115 

0-1722 

0-1412 

0-1202 

0-1152 

0-1150 

0-1450 

0-0937 

0-0982 

0-1125 

0-1262 

0-1466 


0-0()50 

0-0417 

0-0it80 

0-0270 

0-0690 

0-0630 

0-0565 

0-0480 

0-0645 

0-0605 

0-0420 

0-0580 

0-0420 

0-0370 

0-0775 

0-0503 

0-0882 

0-0797 

0-1045 

0-0542 

0-0502 

0-0665 

0-0705 

0-0690 

0-0602 

0-0547 

0-0670 

0-0515 

0-0990 


0-1920 
0-1527 
0-2440 
3-2005 
0-2125' 
0-2085 
0-1635 
0-1780 
0-1292 
0- 1695 
0-2127 


0-0870 
0-1097 
0-1350 
0-1155 
0-1250 
0-1180 
0-1192 
0-1300 
O' 1700 
0-1310 
0-0962 


0-0740 

0‘0610 

0-0920 

0-0725 

0-0657 

0-1475 

0-0512 

0-1200 

0-1920 

0-0920 

0-0512 


0-098< 

0-0971 


0-0685 

0-0370 


Raw t'ow milk 


0-0670 


Ta ble TX 

Drjf residue, in tonned milk usinit roller dried wholennilk potrder expressed in pm. .100 ml. 


lieiediofi of Adultmitwn of Milk ud.th Mdk Powem 

Table VlII 

Dr„ Mu. i-n tonned mw nolle (sfeaydrid. sHm-mili pourlet) iu gnt.lJOO ml. 


Roiled Buflulo milk 
Original ( 'ronned 


I’iginal 

T(jnri(Kl 

0-0507 

0-6680 

0-0697 

0-5150 

0-0815 

0-5831, 

0-0587 

0-5555 

0-0540 

(1-2863 

0-07-20 

0-4207 

0-0700 

0-2835 

0-0572 

0-1862 

0-0482 

0-8610 

0-0635 

u-2600 

0-0612 

0-6540 


Raw Buffalo milk 


dginal 

Tanned 

0-0845 

0-5129 

0-0796 

0-7712 

fl-0660 

0-7750 

0-0800 

0-5370 

0-0575 

()-7650 

0-0730 

0-3800 

0-0702 

0-6525 

0-0550 

0-4027 

0-0750 

0-3444 

0-0700 

0-7290 

0-0140 

0-4845 


0-0733 
0-0815 
0-0900 
0-1660 
0-2447 
0-1685 
0-1195 
0-1730 
0-1 175 
0-11 10 
0-0965 


0-2690 

0-6215 

0-2300 

0-2135 

0-2395 

0-1817 

0-2425 

0-4020 

0-3757 

0-2280 

0-31.20 
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Table X 


iJi'i/ residue in- tonned mlk udnij roUer dried skmi-milk -lyowder ej- pressed i)i. guiJiOO ml. 


iSorial 

flaw buffalo milk 

Boiled bulialo millj 

Haw now- milk 

,No. 

Oritcinai 

Tonned 

Original 

Tonned 

Orifjinal 

ToBued 

1 

0-0800 

0-:}060 

0-0900 

0-3145. 

0-0070 

0-1910 


O-0S3,'>- 

0-2S12 



0-0410 

O-:}202 

;{ 

a-oti;i7 

0-3255 

0-1195 

0-3937 

0-08.50 

0-7340 

A 

0-0o25 

0-4400 

0*1073 

0:3050 

0-0566 

M-320 

■ 

0-004.5- 
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11 
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0-2415 
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0-2368 
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Average 
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0-1215 

0-2689 

0-0616 
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It was found that fresh milk samples give values much below 0*10 per cent dry residue in a large 
majority of cases and the average varies from 0*060 to 0*081 per cent. There was a great variation 
in results obtained from the same class of animals on different days and hence it was not possible to 
differentiate between cow and buffalo milk &om individual figures. It may further be added that 
the studies reported here were carried out with farm produced milk and it is quite likely that ma-rlret 
samples will give higher values for dry residue than those recorded. Compared to raw cow and 
buffalo miUc, milk powder solutions give much higher values. The average for spray dried skim- 
milk powder was 0*34 per cent. Tonning raw milk invariably gives a higher figure. When roller 
dried milk powders are used tonning can he detected without any difficulty as the percentnge of dry 
residue increases from less than 0*06 per cent to nearly 0*5 per cent. 

When spray dried powder is used the percentage of dry residue does increase but the demarca- 
tion is not so sharp. For guidance it is suggested that if the percentage of residue, is greater tiia ii 
0*11 per cent the possibility of the sample being tonned may be tentatively assumed arul confirmed 
by the following further tests : 

(а) The dry residue may be estimated on tne sample after it has been boiled. It lias been found 
that milk samples give a higher percentage of residue after boiling. On the contrary tonned' milk 
(as well as spray dried skim milk powder) shows the reverse, i.e.., on boiling the amount of residue, 
usually decreases, probably due to the fact that on boiling some more of the residue goes into solution . 

(б) The tlry residue is subjected to the xantho-protein reaction. The residue is dis, solved in 
2-5 ml. concentrated nitric acid, diluted with. 5 ml. of water and then 2*5 ml. liquor ammonia added. 
It wms observed that the residue feom pure milk gives a solution with a yellow colour, milk powdtu- 
residue gives a, deep orange solution, while tonned milk samples give a colour varying from light 

to orange. Tlie results are givtm in Table XI. 
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Tablk XI 

Xanthoprotein reaction with- dry reaidus 

Cow milk (omied witli yjmty dried «kiuv 
milk powder 


Buffalo milk tonnod witlv apvay dried skim-milk powde 


Boiled samples 


Raw sample 


Haw samples 


Serial 

No. 


Milk 
powder 
milk 
used for 
tonniiig 


Milk 

powder 

Origraal Tonned milk Original Toimed 
used for 
. iionning 


Original 'ronne<l Original 'jVmned 


+ + + + + 
"k -[- -f" "k + 
+ + +++ 
- 1 - +++ + 

+ ++++ 
+ ++++ 
+ + + + + 
+ ++++ 
+ + 4“ -i — i* - h 

-L.j. -P+ + -P 

+ "1- + -f- ■ 1 ■' •+ + 

4-++ -f + + + 
+ + + + + + + 
+++ ++++ 
++ ++4-+ 

++ ++++ 
+ ++++ 
+ ++4H- 

44 4444 


y==Yellow 
4 =tYellowish orange 
4 4 “Light orange 
444=0range 
4444 “Beep orange 
•— =Te8t not carried out 
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(iv) Other tesL\ tried. Besides the ones indicated above, original and tonned milk sn^inpliss werp, 
subjected to the following tests : 

a. Freezing point determination 

b. Microscopic study : 

Metliylene blue reduction test 

d. liesaziirin test, and 

e. Estimation of total mi nerais 

None of these tests helped to clearly dillcreutiate between various samples of milk and lionce 
detailed results are not given hei'e, 

Nummary 

The ibilowiug nine methods were tried for differentiating genuine milk from tonned milk ; 

(1) Stability to heat 

(2) Coagulation with rennet after dilution with water 

(3) Estimation of dry residue 

(4) Xanthoprotein reaction with dry residue 

(5) Freezing point 

(6) Microscopic study 

(7) Methylene blue reduction test 

(8) Resazurin test, and 

(9) Estimation of total minerals 

Studies have been carried out using spray dried skim-milk powder, rolhu’ dried skini-milk powder 
and roller dried whole milk powder. 

Amongst the tests tried microscopic study, methylene blue test, resazurin test, frecizing point 
and estimation of total minerals have proved of little value. 

The odour of samples after incubation for four hours at 37 °C. provides the simplest and a very 
reliable test. Incubation is carried out after adding a drop of formalin to suppress tho development 
of lactic acid odour. This test cam be done under house-hold conditions. 

The rennet test after diluting the milk sample with distilled water is another simple test and 
the results can be obtained in a short time. Tonned milk takes a much longer time to coagulate. 
Cow and buffalo milk are found to differ to some extent in their behaviour towards rennet. Cow 
milk takes a longer time and also the time of coagulation markedly increases on dilution with water. 

The estimation of dry residue is another test which, will prove useful. It is likely that tho figures 
for dry residue obtained in the present studies may require some modification when working with 
market samples. The results of this test are further confirmed by the xanthoprotein reaction with 
the dry residue. Pure milk gives a yellowish coloured solution, wlxilst tonned milk samples give an 
orange colour. 
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STUDIES ON THE HAEMOTOLOOY OF DOGS IN HEALTH AND WHEN INJEO 
TED WITH BABESIA GIBSON I (PATTON J 910) 

By B. M. Pkasad, Imperial Veterinary Research Institute. Miiktcswar 
(Received for publication on 14th October 1940) 

T he purpose of the present investigation was to obtain precise data on the total red and white 
cell counts, the differential wliite cell counts and the haemoglobin content of the blood of 
dogs in health and when suffering from piro])lasjnosis due to infection with Bahe.sia qihsom. 

Material AND methods 

Tliree healthy pariah clogs were used. To obtain the nmunal blood picture, seventeen counts 
were made on ten other healthy dogs and the results obtained were more or less in agreement with 
tliose obtained -witli the three original dogs at different periods prior to infective inoculation. The 
dogs were obtained from Aliuora in the Kumaou hills and their age ranged from two to four years 
and body weight from twentyhve to tnirty pounds, Tw'O of the three animals were artificially infected 
with, a laboratory strain of B. gibsoid and the other served as a control. Towards the close of the 
ex])erinicnt this dog. too, was given a dose of infected blood to see if it was susceptible to the disease 
and a fatal pirnplasmosis resulted. Tin* injections were given suhoutaneoiLsly with the idea that 
the disease might devedop as under natural conditions ; the disease is known to be transmitted from 
one animal to another by the. tick Haemaphysalis bispinosa. The. animals were housed together and 
ke])t on an uniform diet consisting of 4 lb. of cooked beef and chapattifi given in one meal in the 
afternoon ; but during the acute stage of the disease the affected dogs refused solid food and were 
then given either milk or soup. The shed was a liiindved yards from the laboratory, this distance 
was traversed twice daily by the dogs and constituted their daily exercise. Wlien the illness was 
advanced, tliey were unfit to w'ulk, and remained indoors with the control animals. Blood samples 
W'ere always <lrawn at the fixed time of day (10 A.M.) 

Both the dogs took the infection and it is interesting to note that while in one. the disease was 
fatal in about 16 days after the first appearance of the parasites in the blood, in the other, it was 
chronic and the animaL apparently recovered. 

Ail samples of blood were collected from the marginal ear- vein or the external Sephana vein, 
as between these two sites there was no difference in the blood picture. The area where the puncture 
was to be made was cleaned with cotton wool and alcohol, rubbing being continued for about one 
minute. When the alcoliol had evaporated, a puncture was quickly made with a thin sterilized 
hypodermic needle and after rejecting the first two or three drops, tlie blood was taken up in a capillary 
pipette direct from the puncture. 

For red cell counts tire blood was diluted 200 times in a potaiii pipette (0*5 — 101). The pipette 
selected for this purpose gave almost identical counts with the same sample of blood. During the 
time the two experimental animals showed signs of severe anaemia, it was necessary', however, to 
make the dilution 1 to 100 instead of 1 to 200. Toisson’s fluid was used for diluting purposes. A 
Tlioma (Hawskiey) haemocytometer was used and in each case a hundred squares were examined. 

Before counting, the 'white cells were also diluted in potaiii pipettes at I to 11 dilution. Tt was 
essential to use a 4 per cent acetic acid solution as the diluting fluid, since if used in weaker strength 
than this, results were unsatisfactory. Thoma (Hawskiey), having only one large ruled square 
instead of nine as in others, is not very suitable for wldte cell counts. However its use makes it 
necessary to examine at least four-fresh preparations to obtain an average of counts. 

Determinations of haemoglobin were made by . the Sahli method. Although the advantages 
and defects of this have been frequently discussed, the results obtained with it were for practical 
purposes satisfactory. 

For differential leucocyte, counts ordinary clear glass slides were used. For tliis purpose snieais 
were prepared from a puncture at the tip of the ear. The hair was cut close and the part sterilized 
with 70 per cent alcohdU when this had dried, a piano touch like stroke with a hypodermic needle 
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was made and the, first drop that oojied out without squeezing was taken up on a slide and spn^ad 
over another as rapidly and uniformly as possililo, Giemsa stain gave g(M)d results, Iinniaiaire 
oells oF lymphoblastic ami myeloblastic origin were differentiated by the oxydase reaction in tresbJy- 
prepared-blood sniears. For tins purpose the inetlmd recommended by Piney [1931] was genm’aJIy 
followed, 

Films, inuuediately after air-drying were put in a glass stoppere<l jar (MUitainiug -! pm- m'-nt osinii? 
acid and allowed to stand, for 3b seconds for com])lete fixation. Tluw W(‘re tluMi washed tlun-oiighly 
with distilled water and stained for 10 minutes with a mixture of (Mjual parts of 1 per cent solulions 
ofalpha-naphthol and paraphenylencdiaminc. They were tlien washed in distilled wafer a.nd luoiinied 
without drying in water glass, oxydase granules })eing stained blue. For the. ac-tnal euutent of the 
leucocytes the smears were mounted and examined by the method knenvn as tlu> ‘ Ftnir fiehl nu'a.nder, 
technique, and Arnetli Index was taken for neutropliiles. 

Fxpkrimen'I’al 

From Table I it may be observed that campjuvd with figures reported by N-ai'ious workers ehe- 
wliere the average erythrocyte count per c.nuu. of blood in the ('xperiimmtal dogs is with in the, 
ndrmal range of variation. 

TAliUKl 
/i/ood-coiwi,v m 
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25 
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10 
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(M 

i:iooo 

21 

04 

9 

Nkols{193rq 

7-16 
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“ i 

■ — 
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While the count agrees closely with those of Duke’s [ 1 931^], fbiiger and 1 >a vie f 1 (Chs |, it is slightly 
below the figures reported by Kohanawa [1938J and Nichols [1935]. Similarly, the tatal white c.dl 
counts and the differential counts differ to a certain exte.nt in)m the tiguivs mentioned i)y 
Kohanawa, Imt are in cIorc agreement with the figures reptuded by other workers. 

Haemoglobin was (vstimatetl to be about 13.95 gm. per lOO c.c. of blood by weight. Figure.'^ 
of other workeri are not availalde for comparison. 

Heiieral ohamcter,s of iltc hloud changes in infected dogs 

The outstanding cliange in the idood of dogs infected witli IL gihsoni is tliat of severe anaemia. 
That there is a rapid fall in the red cell count as soon as the diseasi* is fully established will seen 
from the figures ff.r Dog No. i3(i. Talde IT. 

The extreme anaoinie condition ap'parently results in part frimi tiu! disintegration <)f red corpuseies 
heavily laden witii parasites hut chiefly, from ditninishetl activity of cel! r(‘Uim(‘rat.ing organs. The 
first p'atlHjlogieal ap])earanee noticed is achromia, tlu' red cells staining faintly owing to the. general 
;laek of haemoglobin. This feature is constant and is soon followed by a sei-ie.s of (dher <duing('S, 
•such as slight anisocytosis associated with ])olychroiuatopliilia, in w hich a \ arying luuulxn- of immature 
cells a])pear and which being deficient in haemoglobin take a dirty blue tint, '’.flu' proportion of 
such cell ranges from 4 to 8 per cent depending upon the se.vi'rity of the disease. Later, it is not 
.utU'oniim n to find nucleated red cells and in very s<^\'(‘r(' eases anisoeytosis Ixs-omes V(>ry marked. 
‘Pmictale haso]>hilia and punctate degeneration af nsl cells or nucleated red cells, so e.oinmonly 
Observed in other species of animals in similar conditions are of rare oce.niTimce in dogs. 
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While ceils, it will he observed from Table, II that with the appears, nee of first symptoms, 
IIk' leueocytes ])e^in to increase in number and reach a peak in about a week’s time. 'From a normal 

Table II 
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N.B . — Figures show the jueaii viiliie of ) lie (lilfereiit. const iliieui s over the jierioil stilted. 


of 12570 i)ei‘ (-.min. a rise to 82140 per c.nini. <jf blood has been tioticed. The rise in the number of 
leucocytes marks the beginning of the reaction, but tin? number gradually returns to normal level or 
,even slightly below it. During the ijoriod of marked hnicot'.vtosis the percentage of various types of 
cells, although not adversely affected, decrease in junportion to increase of neutrophiles which is 
r" .about 20 per cent of the normal, with a .shift to the left. Later, there is an increase in the numbo]' of 
large mono-uuclear to the extent of about 28 ])er cent on a,n a\awage, with the reduction in the number 
of other cells. A few cells of botli myeloblastic and lymphoblastic oi-igin have not infrequently been 
obsei-ved in the differentia] count, in the recovering aiiiinal the jmrcientage of different types of 
-cells gradually returns to normal but in cases of fatal infection monocytosis persists. 

lied cells. There is a marked decrease in the numbei' of red cells. From a normal of alit>ixt 
■five millions prior to inoculation, a decline to about one million per c.mm. of blood has been found. 
The decrease in the number of cells becomes noticeable after a lapse of fortnight, although there 
may not be any a])preciable rise in the temperature, and this decrease may occur even before the 
parasites ha^’B a])p(mred in the peripheral circulation. Jn rapidly progressive cases the fall in tJie 
red cell count may. however, l)e observed earlier.. This statement is based on s]'>oradic cases of disease 
g. in dogs not included in the present paper. Table 11. (Dog Number 188) shows that the iwoce.ss of 

# restoration of the number of red cells to normal is .slow. 

I HdeitHH/iobiii. An examination of Table II shows a marked variation in the blood Inuunoglobin 

f content during bealtb and disease ; fr<xm a normal of about 14 gm. haemoglobin per 100 c.c. of Idood 

I. thme is a I'eductiun to about 2-18 gm. The figures further show tliat during the crisis of the disease 

I’ the available liaemoglobin is functioning at its maximum capacity. The severe dro]) iu haeinoglobitj 
J lowc'rs the oxygen-carrying capacity of the blood to a point at which it may be insufficient to maintain 
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Summary 

Ttiiy paper records the results of studies made to determine the total retl and U'liite (*('!! eount^,, 
the differential white cell counts, and the haemoglobin content of tin* blood o! dogs during health 
and during piroplasmosis (B. gilmni infection) of there apparently li<’idthy dogs iH'tu’e('ri two to 
four years of age, two of whieli were iiifectetl artificially with the parasites and the third was used 
as a control. Morphological studies and haemoglobin estimations wei’i' made of the blood of thesn- 
animals before infection and also .during the disease. In the two infei’ted dogs tin' readings did 
not change significantly during the incubation period. 

For comparative purposes seventeen (17) counts were mad(‘ on the blood of 10 aiipare.ntly lu'.altUy 
pariah dogs with results similar to those obtained in the case of the ex])eriiuentu] dogs before irdec- 
tion was established. 

In the two infected dogs the red cell count fell to about one million per c.min, during tdie disi'.ase; 
The white cell count increased to a peak at nearly 80,000 [ler e.inm. and this was followed by a. gradual 
decrease to almost normal level, irrespective of wlietlier the disease ended in deatli or rceoviuy. The . 
differential white cell count showed during a period of marked leucocytosis a. mild luaitropiiilia. 
slight lymphopenia, eosinopenia, and a shift to the left of the lunitrophih's and this was followed by 
a moderate monocytosis. Dining the disease the. average haemoglobin content dropped to l“i*rv 
per cent from normal. 

The outstanding features of B. gilmmi mfeotion in dogs are the docuaise in total red cel! lamnt 
and the marked fall in haemoglobin due to a certain extent to rapid ilestruetiou of the colls, I)ut ^ 
more to the failure of formative tissues, 
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STUDY ON THE VITAMIN A ACTIVITY OF CAEOTBNl IN GREEN FODDER 
Bv B. C. Rov Sakkar and K. 0. Sen, Imperial Veterinary Research Institute, Ixatnagar, and Imperial 
' ’ Dairy Research Institute, Bangalore, India 

{Reprinted from Jmmial of Agrimltural ScienM, Vol. 36, Part 2, April 1946) 

In '<onu‘ recent papers. Seshan and Sen (1942 a.b.c.d) described a modified technique, for extracting 
1 ’ carotene from different feeding stuffs and utilized it for the study of carotene ni plants mcludmg 
som J lialance experiments with ruminants. It was pointed out by the authors that the, term carotene, 
was used in the ordinary sense denoting the opiphasio pigment, and no cliromatographu; study was 
madt' of the time. As such, the carotene hgures for materials lilce old stored hay straw, silage and 
cattle faeces were liable to revision because of the production of non-carotene pigments not removable 
bv phase separation with 90 per cent methyl alcohol used in^the method, but it was felt that no sub- 
.stantial error was lihely to be caused in the case of green fodders. It was, however, decided to check 
up the method by simultaneouslv carrying out a biological and chromatographic assay of the carotene 
contained in the feeding stuffs. * The results obtained are being presented below, and based on these, 
the 8eshan-Ren method of extraction of carotene has been combined with chromatographic aasor|.)tioii 
for the routine aiialvsis of vitamin A-active carotene in feeding stuffs. While these data were being 
written lU), Austin and Sbipton [1944] published a critical examination of the methods of detemim- 
im> carotene and came to the conclusion that, of the variety of methods designed (or the extraction 
of carotene, that proposed by Sesheii and Sen was the most satisfactory, being docidedl}'’ more eftcient 
and more widely applicable than the process recommended by Peterson, Hughes and Freeman [1937]. 
Austin and Shipton have suggested the use of ‘heavy’ magnesia for the chromatograpluc separation 
of non-carotene pigments in conjunction with slightly modified Seslian-Sen method ot extraction. 

Although a fair amount of work has been done by different investigators on the determination of 
carotene for evaluating theoretically the vitamin A potency of stock feeds, there are comparativejy 
few <lata on the relation between tlie carotene content and the vitamin A potency of those materials 
as measured biologicallv. Woods, Shaw, Atkeson and Johnson (1932), Woods. Atkeson, M'ellhonsen 
and Johnson (i935a). Woods. Atkeson, Shaw, Slater and Johnson (193ob), W oods, Atkeson, ^ater, 
Arndt and Johnson (1935c) and Archibald, Bennett and Pitelvie (1943) determined the biological 
pc»tencv of certain grasses, but their carotene content was not simultaneously estimated. Ihc 
work orravlore, Russell and Bender (1939) on the carotene content and vitamin A potency ot different 
types of siiac'e. and that of Hodgson, Miirer and Knott [1939] on green, dehydrated and sun cured 
pea vines and -pea vine silage, etc., may also be mentioned, although some of the results obtained 
are of questionable value. In the case of green vegetables and other plant foods, some work by 
different workers is on record. Felice and Fellers [1937] obtained a factor 1-7 lor converting the 
carotene values of fresh, frozen.- canned and dehydrated samples of spinach into the vitamin A 
potency Gorter and Spriivt (1939) reported that some foodstuffs were found to contain less pro- 
^dtamin A by the rat test than that obtained by chemical analysis. _ Stimson, Tressler and Maynard 
11939] found the ratio of vitamin A potency to carotene to be 1-5 in the case of fresh and frosted 
pens' Smith and Otis (194 L) pointed out the ralative inefficiency of yellow vegetables, notably 
carrot when compared with green sources. Greaves [1942] observed that carotene of vegetable.s 
seems to be less elective biologicallv than vitamin A and the vitamin A activity per unit of carotene 
was much greater in spinach, water cress and alfalfa than in carrots. Zimmerman. Tressler and 
Mavnard [1940. 1941] found that much of the pigment of Golden Cross Bantam Sweet Corn was not 
caVotene. while the vitamin A activity of asparagus was solely due to [i-caroteue and that of green 
lima bean due to two thirds ,S-carotene one-third a-carotene. 

'!(.) e.xplain the discrepancy between the chemically determined carotene and its biological 
activity and the superiority of tairotene from one type of material over that from another, it is desir- 
able to know whether carotene estimated chemically is biologically as active as fi-carotene, and if 
not to determine its piiritv ; secondly, how far the ingested carotene is absorbed and utilized m 
the’ system. For the elucidation of these points, the foUowmg series of expernnents were 
comlucted. ® 
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Caroleiie 

eontouli ^ 

detemtiii- 
ed by 

the ' Test Amoimi 
chemical material of 
method on dry carotene 
[ig. dry basis 
mattei' 


Vitamin A 
equivalen- 
ce of a {Ag. 
of fodder 
carotene 


Name of fodder 


OdiO l-0()8 

n-r)'2 o*))80 

4-92 0-9r>0 

9-00 l-07y 

9-00 0-904 


O'oOtO 

d'daio 

0-48.10 

0>r)39(} 

0-4820 


140 Study on the Vitamin A Activity of (kiroiene. in (treeo Fodder 

Extebimental 

( 1 ) Rdrdion heiwmi the ehemmlhj deterirdimi cmvlmc mut Its hioloyevi yofi evy u.‘< wffuvnt 

dofndmd cmoleiw. 

The experimental part consisted mainly of (a.) dct,t‘rmiiiation of tin* carotcoie (-ontent of some 
green fodders by the Seshaii-Sen technique, a.nd (b) the bio-assay oi‘ t.be sanu' ma,1;criaJs by using 
(b-\var<rs curative methods [1938] with albino rats. 'The ])asal diet for tlm rats cojtsisted oC vitamin 
A-free (-asein 18, dried brewer’s yeast 10, dextriiiized starch 03, pnritied coconut oil 5 aaifl i\ia,0olliinn 
, Binimonds and Pitz salt mixture 4 parts respectively. Ten units of calciferel in coconut oil solution 
* were given j>er o,s- to each animal once a weelc. Five to ten animals were used in eacJi group (iitvgative 
control. ]-K)sitive control, and test group). The standard oi‘ refereiu’-e was a sanpde of .B.'D.TL c-aroteiK?, 
the purity of which was determined spectrographically [Morton. 194-2] and a solution containing 
10 mr*'. of true carotene in 50 c.c. of cocoimi; or olive- oil was ])re])ared using 5 mg. of hydro<iuinone 
as antioxidant, and this was ke})t in the dark, at a, Imv temperature, (.'arotene. was stable, in both 
these oils for a long period and this served as stoc.k solution from Avliich wcjdcly dilutions were 
made for administering carotene to the positive »;ontrol animals daily, 'fiie metliods of dosing the 
test material was first to dry quickly the green fodders in a- cui-rent ol'aij’ at a. i rinpeniUnv not exceeding 
It was found that the carotene content was not anecte<l if the whoh' ]tla,nt or l(‘a.v<'S wen; dried 
in this way, but there was some loss if the ]>lants were «diop])ed up so as to disintegrate some, of the 
niaterial and expose the contents to atinospheib-. oxifla-tion. 'i'lu' dry niat(U'ial was tlum ground to 
a fine powder, analysed fin* its carotene content.. a,iul then nii.\cd with a, small amount of vitamin 
A-free casein and fed to individual rats quantitatively before the. ba-sal ration was given to them. 
This ensured u quantitative intake of the foddei* carotene. In the case, of baiiey extract, the carotene 
was extracted by petroleum ether after the usual alkali alcohol <ligeslion, evajjorattid to dryness, 
dissolved in a small amount oi' oil and then fi'd to «‘xp('rim('ntal animals. 'Tlic growth experiments 
were conducted for 4 weeks after the test animals jH'ached a, c.onstant weight on the vitamin AdVee 
basal ration. The dosing of the ]}ositive contrf)! and the test group of animals was so a,n‘anged by 
preliminary experiments that almost equal growtli was obtaiiu'd during the assay. In Table I 


Vitamin A poteuG/f of some. GfeGU Fodders 


’ <losc Average growt-b rsil*' jjoi- 

j ,l)o.so of vvofjk(g) 

stanrlani 

carotene 

Anioimt PoBitivo IV-sb Standanl 
1 of (joutrol material Cai-otene 


Barley (Hordenm mlgare) 

Barley extract .... 
Elephant gcawiPemiisetum pureum) 
Oats {Avena aativa) 

KoUukattai grass {Fenvhetuvt 
. cenchroides) 

Berseem {Tnjdiwn alexandrmm) . 
Lucerne {M&Mcago aativa) . 

Bnb graas (Gymdm dactyloH) 

Jwvar {A7)dropogon SorgJmvi) . ' 


414-9 2-41 

1X1()« .. 

20:i-8 4-91 

400-0 S-Of) 

148-8 1 13-44 

286-1 6-99 

327-3 6-il 

245-8 8-14 

214-1 9-34 


8-95 8-34 

8-90 8-34 

8-10 8-S3 

8-50 8-40 

Average . 


1-073 0-5365 

1-067 0-63,35 

0- 950 0-47(50 

1- 012 0-5060 

1-012 0-60Sa 


B. 0. Roy Sai^kar and K. C, Ben 
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a siimniary of Bie results obtained is given. It will be obvious from a perusal of tbe results given 
in the Table tlia,t the biological value of the carotene in green fodders or that in an extract of green 
fodder as detennined by the Seshan-Sen cliemical .methods is almost identical with that of pure 
carotene standardized by spectrograph ic analysis. In other words, it is possible to assay the biological 
pot(uicy of different green fodders ].>y tlie chemical method only, iwovidcd we allow the same, margin 
of error as is inherent in tbe biological teclmique. According to (’oward (1933), tlm biological assay 
of a test material n’ith male luts over a period of 4 weeks after the depletion period may give ilse 
to an error of +19 or — 16 per cent. Consequently, if the chemical methods of analysis is to be 
staj,idardized against a biological method, we cannot ordinarily expect a closer correlation than this. 
As the standard (jarotene used for reference contained about 80 per cent |8-caroteiie and 20 per cent 
a-carotene <chr(jiiratograpliic assay), the above results appear to show that a similar prop<.)rtioii luight 
exist in the carotene of the various fodder plants. It may, thei-efore, be assumed that the results 
obtained by the Sesiian-Sen method of carotene estimation are a fail- index of tlie biologically active 
carotene of fresh green fodder if pure carotene is used as a standai’d of reference. an<l that 8-carotene, 
constitutes the major part of carotene in these plants. 

(2) Cfrro'iiiafofjmpJtic. detemmaUon of the piirity apjjareni caroteoe 

A number of feeding stuffs, such as green fodders, dry roughaga, silage, etc., we.re studied. The 
carotene was extracted according to the Seshan-Sen teclmique, tlie final potroleuru ether solution 
was passed through different aclsorbents. Three different chromatographic materials were used, 
namely, dicalcium phosphate [Moore, 1940 ; subsequently used by .Bolton and C'oniinon, 1942; 
Smith and .Robb, 1943, and others], alumina (Brockmaim) and Micron brand magnesia mixed with, 
equal parts of Hyffo Super-C'ol. ‘Heavy’ magnesia of tlie type used recently by Austin and Rhipton 
was not availalile in this country owing to war conditions. Tiie results olitaiiu'd in tliese experi- 
ments were then compared with those obtained by using standard carotene sanqiles subjec.tod to 
similar chromatograpliic analysis. The chromatograjiliy was iloiie by first passing t.lie solvent 
through the column pi-epared according to the usiiai methods, then the carotene solution was poured 
in before the top was dry, after whicli the cliromatogi'ani was dev<.lo])ed with the same solvent. 
Washing was continued till the filtrate was colourless. Two foqies of carotene extract were used 
with dicaloiiim phosphate adsorbent, one being the ])etrolouni ether extract before pliase separation 
was carried out (total carotenoids), and the other being the final solution after tlie j.ihase separation 
(apparent carotene). In both cases the solutions were dried over anhydrous sodium siilpliate before- 
passing through the adsorbent. The results obtained ar(‘ briefly as follows ; When the carotene 
from different fodder plants in petroleum ether was passed tiu-ougli either alumina or magnesia, 
there was a loss of a.bout 14-16 per cent. An almost similar result was (jbtained when the standard 
carotene was also passed through the same adsorbents. Owing to tbe slowness of filti-ation through, 
the finely divided adsorbents, the S-carotene part of the pigment was in contact with tlie adsorbent 
for a long period, and probably some amount of destruction took place in these cases. Chromato- 
graphy through dioalciiim phosphate showed negligible loss in the case of tlie standard carotene. 
The comparative results with the different materials are shown in Table 11. The true carotene is 
expressed as a percentage of apparent carotene as determined by the ].)hase separation methorl in 
id! cases. It will be seen from the results given in Table II that a chromatographic a.nalysis of the 
apparent carotene obtained by the jSeshan-Sen extraction method shows it to be 85-99 ^ler cent 
(average 94 per cent) true carotene in the case of gTeen fodders as determined liy Aloorcs cliromato- 
gra^fliic technique. There is practically no difference in the results when the chroniatograjihv is 
carried out of the total carotenoids before phase separation or of the apjiarent carotene after phase 
separation. In the case of dry roughages, silage or cattle faeces, the ordinary chemical extraction 
method followed by phase separation with 90 per cent methyl alcohol does not give an idea of true 
carotene, and an error is caused owing to the presence of non-carotene pigments which can be removed 
by chromatography. In view of this fact the Seshan-Sen method of extraction of carotene has now 
been combined with Moore’s chromatographic method for the rt>utine analysis of carotene in all 
food materials (except where kryptoxanthon exists) without the necessity of phase Bej)aration with 
methyl alcohol. The dicalcium phosphate adsorbent has been preferred to others beeau.se it can 
be pi-epared easily and the filtration is Veiy rapid. It is not however, suitable for separating lycopene.. 




Source 


.Simlij on the A AcitiviUj of Carotene vn- (h'een Fodder 

Taei.e 1 1 

Permitage ofime mrofme in apparent laialmr 


standard carotene 
Barley plant 
Oat plant . . . 

Eerseem . . . 

Lucerne . 

■Elephant grass 
■Dub grass . 

■Koiluiattai grass . 

Spinach 
JHay . . 

Straw . . 

Silage . . 

Faeces of bullocks : . 

On prolonged straw ration 
On moderate green ration 
On heavy green ration 


(•hnsHiatC' 

cliromafu- 

}i;raphy ol’ 

yniji’siy ul' 

a,ppa n'lii 

Uita! 

t-arotonc 

i-a rotenoid.-r 

9S-}rr, 


9r»-» 

97*8:. 

98-0 

96-7 

94-2: 

95-9. 

98-3 

94-0 

,86' 7 

8.7- 1 

93-9 

92-9 

92-n ' 

93- ti 

97-1 

1 ;>9-9 


39-7 


1 U-0 




j 0-0 


80-0 


it will be observed from the results given in Table 1 1 that the green fodders coiitain only a. very 
small amount of impurity, and this must be the reason why the chemical estimation of ('{li'otene <)f 
green fodders gives a fairly close picture of its biological activity as tested against standard c.a.rott'nt\ 
it will also be noticed that on heavy green fodder ingestion, the true carotene content of faeces from 
bulloclis is as high as 80 per cent of the apparent-carotene excreted. This nuians that it would la? difh- 
cult to diheventiate })etweenthe chemically estimated carotene in faeces of animals fed a heav}’ gre<ui 
ration and that assayed biologically, which has actually proved to be the case. In otliei* words tli^ 
whole of the excreted carotene appears to be biologically active because of tlie margin of error inhercuit 
in biological assay. On the other hand wdien cattle are kept on mainly dry roughagx', the faeces 
contain much less of true carotene, as shown by clironiatographic and biological assay. The obs{!rve(l 
negative balance of carotene in the case of ruminants on carotenedow^ rations, as dosc.ril.xui in a pre- 
vious paper [Seshan and Sen, 1942 d], thus loses much t)i“ its significance. It may he meutiom'il 
that acco.rding to Russell, Taylor, Walker and Polskin [1942] no resorption t)f bocly carotene into 
the alimentary canal takes place in the case of hens. An alkali and al(s)liol digestion of feeding 
stuffs should, therefore, be followed by chromatographic adsoryjticm to give a true idea of the bio- 
active carotene present. 

{'6) Absorption of fodder carotene in avitamiriotic rats 

Although the chemical, chromatographic and biological methods of a assaying (,'aroteiie in green 
fodders have given similar results, it was of interest to determine if the activity nianifested in Ihe 
biological assay was redly due. to the absorption of the. total amount of carotene ing<?ste(i and to whuc 
extent the amount ab.sdrbe.cl was converted into vitamin A in the system, .ft has betm reported 
recently by Rama sarma and Hakim [1942] that 10-15 y)er cent of carotene fed to rats at 1-2 pg. level 
cjf dosage is excreted via the faeces. It is also known that vitamin A is gem.n‘ally utili/a'd hfdtcr 
than carotime. [Booher and Oallison, 1939 ; Booher, Callison and Hewston, 1939 : Ouilbert. Hcnveli 
and Hart, 1940 ; Smith and Otis, 1941; Treicliler, Kemmerer and Fraps ; 1942; Ouggenheiiit, 
1944]. To obtain an idea of the fate of the ingested caintene, some absorption studies were carried 
out. 

, . .From a siifticiently large ejuantity of faeces of the rats under various test-groups and the positive 
ccintrols, carotene was estimated separately according to the method of Reshan and Sen, with an 
additional step of cooling down the final extract to 0“C, before dehydration ovei‘ anhydrous sodium 



sulphate. This was iiecessaiy for removing the sterols which would otherwise interfere with the 
estimation owing to their gradual precipitation. It was found that even without any carotene 
supplements there was a basal excretion of 0*22 pg. per animal per day. But this pigment was not 
cuj-oteue as it had not typical selective absorption in the visual region of the spe{?truni. The apparent 
excretion of carotene on various supplements at 1-2 pg. level of dosage varied from 40 to 52 percent 
ill the case of both the standard of reference and that supplied from the fodders. A. l)ioIgical assay 
of this faecal pigment showed about 25 ])er cent active carotene, so that the true carotene excretion 
was 10-13 ]ier cent of the original ingestion. It might be mentioned here that livers of animals re- 
ceiving various cai-otene supplements were free from reserves of vitamin A as tested by the aiitinioiiy 
reaction. Probably the absorbed carotene from the various sources was equally ntilizicd. 

(4) Relative e^icmicyi of the standard carotene and preformed mtamin A . 

This was studied essentially by assaying the standard carotene, which has been shown to be 
({uitc as potent as the green fodder carotene, against cod-liver oil, standardized by the spectrograph ic 
method [Coward, 1938]. 328 mp w*as taken to he 1600. The results of the hio-assays 

are given in Table III. It is evident from the data that the standard carotene was half as active 
as an equal weight of vitamin A. As the ratio of the growth rate on fodder carotene to that on standard 

Table III 


lielative efjicieneif of stamiard carotene and cod-liver oil Vitamin A at ndn/imal levels of dosage 


No of 
assay 

Date of assay 

j Growth rate ijcr week (g) 

] 

5. S. 43 (BUjaiaer) . . . . . . . . . . , 

Vitamin A at. 1 
pg. level of 
dosage 

0*33 

(.■arotono at 2 pg. 
level of dosage 

8*08 

2 

4. 1. 43 (winter) , . , . . . . ... . j 

8-08 

8-38 


Avemge , 

8-76 

8*08 


cartotene varied from 0*95 to IBS (average 1*01), the vitamin A equivalence of a microgram of the 
different fodder carotene varied from 0*48 to 0*64 pg. giving an average of 0*51 pg. (Table I). A 
similar relationship has been observed by other workers. It may be pointed out here that separate 
analyses showed no trace of vitamin A in the faeces and livers of the cod-liver oil-fod groups of rats. 
It might he presumed that both carotene and vitamin A were, completely utilized after absorption 
if no change into inactive forms took place anywhere in the process of digestion and assimilation. 
On this ])asis, the efficiency of transformation of [3-carotene into vitamin A can be calculated as 
follows. Taking into consideration the fact that the standard of reference was composed of 80 per 
cent [3- and 20 per cent a-carotene, and assuming that 87 per cent of the carotene ingested at a level 
of 2 pg, was absorbed, 1 pg. of carotene appears to be as active as 0*639 pg, of cod-liver oil vitamin 
A. If 328 m.p is taken as about 1900 instead of 1600 used previously 

I Morton. 19-12], 1 pg. of carotene ^vould be equivalent to 0*538 pg. of vitamin A, a value w'hich is 
about lialf tlie theoretical one if a symmetrical breakdown of the |3-oarotene molecule yielding two 
inot'uuh's oC vitamin A occurred. It would also appear that 1 pg. of vitamin A possesses an 
activity of 3*1 i.p. showing a conversion factor of i.p./E==1631,0, 

Summary 

1. With the object of determining the vitamin A value of carotene in different green ibdders, 
an investigation ha,s been undertaken to study (i) the relation between the chemically determined 
carotene and its biological activity as compared with that of standard carotene, (ii) the purit-y of 
apparent carotene from different sources, (iii) absorption of carotene in rats, and (iv) the relative 
efficiency of the staiidard carotene and preformed vitamin A. 


144 


Study on fM VUamin A 'Adiviiy of Gurotem in (Jreeu Fodder 

'i, Bioiogical tests liave shown that the chemical method of assay is a fair iiwh'x of the true ^ 
carotene content in green fodders, and carotene in the form of an extract is quite as till cc, five in the 
system as that present in the plant tissues. [3-carotone appears to be piN'clominaut in ih(‘,so tnatcrials, 

li. Caioteue in green fodders as estimated chemicaUy is about 85-08 per eoint) })ure as sliown Ivy 
chromatographic adsorption through dicalcium phosphate, whereas in otlie,!' roiigluiges a, eon, shier- 
able part is non 'Carotene in nature. i 

4 Pascal excretion of true carotene by rats at 1-2 gg, level of dosagii is shown to 5*3 Ib-i:] 
per cent according to the biological method, although the apparent excretion is as higli as 40-52 1 

per cent .. .1 

5. When standard carotene is compared biologically with cod-hver oil vitamin A, the former , 
is found to be only about half as active as an equal weight of the latter. On this basis, the vitamin 
A value of the various green fodders is only half of their true carotene contents. Ii 




Archibald, J.G. .Beiiiietfc. E. and Kitclus, VV.S. (1.94;i), J. A<jm. Itea. 66. II41 
Austin, O.R. and Shipton, J. (1044). ./. Ooim. 8cL Indmtr. lien. Atisl. 17, 115 
Bolton, W. and Common ,R.H. (1942). J. Soc. C'hcm. huL 61, 50 
Booher, L.E. and Callison, E.(j. (1939). J. Nutrit. 18, 159 

Callison, E.C. and Hewston, E.M. (1939). J. ^^utrU. 17, 317 

Coward, K.H, (1933). Biochem. J. 27, 4-46 

,(1938). Biological Standardization of the 29, 2J8. Londun ; i;ui!lic,rs, 'I’iudall & (Vx 

Felice, D.Do and Fellers, C.Iv. (1937). Froc. Amer. Soc. Hort. Sci. M, 12H i 

Goiter, F.J. and Spruyt, J.P. (1939). Arch, neerl. Phnsiol. 24, 122. Chem. Ahafr, ( i93(*), 33, 

Greaves, H.C.H. (1942). Ghem. di hid. ei, 8 \ 

Guggenheim, K, (1944). Biochem, J. 38, 260 \ . 

Guilbert, H.B., Howell, C.E. and Hart, G.H. (1940). J. AW/. 19, 9] 

Hodgson, R.E., Merer, H.K. and Knott, J.C. (1939). Ann. Itrp. ii'e-s/. ir«.s7/. Exp, Sta., 16 
Moore, L.A. (1940), hdmtr. Enyng Cfiem, (Anal, ed.) 12, 726 

Morton R.A, (1942). The Application of Ahsorption Spectra to the Shtdif of Viltnnina Uonnonrs and (Joenztpnrs 
, 2nd ed. 95, 102. London ; Adam Hilger. 

}?eterson, W.H. HAghes, J.S. and Freeman, H.F. (1937). Indndr. Engng. Ohent. (Anal, eil.) 9, 71 
Ramasarma, C.B. and Hakim, D.N. (1942). Nature, Loud., 149, 6H. Uwchew. Exp. Med, 2, ISl 
Russell, W.O,, Taylor, M.W., Walker, H.A. and Polskin, L.J. (1942). J. N air ll. 24, 199 
Seshau P.A. and Sen K.C. (1942a). ,/. A^ric. Set. 32, 194 

(1942b). J.A(7nc.,9ci. 32, 202 

(1942e). J. Agric. Sci. 32, 275 

, (1942d). J. Agric. Sci. 32, 286 

Smith, A.M. and Robb, M. (1943). J. Agric. Sci. 33, 119 
Smith, M.C. and Otis, L. (1941). Food Fes. 6, 143 

,Stiwson,-C.R. and Tressler, D.K. and Maynard, L..4. (1939). Food. Res. A, 411) 

Taylor, M.W., Russell, W.C. and Bonder, C!.B. (1939). J. JJairy Sci. 22, 591 
Treichler, R., Kemmorer, A.R. and Fraps, G.8. (1942). J. Nutrit. 24, ,57 
IWoods, E., Shaw, A.O., Atkeson, F.W. and Johnson, R.F. (1942). J.JJairi/Sci.W.dliy 
&'oods. E., Atkeson. F.W-, Wellhousen, H and Johnson R.F. (1935a). J . Ikim/ Sri. IB. M.1 

Shaw, A.O., Slater, T.W. and .lohnsou R.F. (1935b). J. Diiiri/ Sri. 18, .573 

|„ , Slater, T.W., Arndt, C.I). and JolmRon R.F. (]936e). ./. Dairi/ Sri. 18. (>30 

fzimraermaaW.L, Tressler, D.K. and Maynard, L.A. (1940). Food iiVs. 5, 93 
— — — — — ” ~(194i). Food Res, 6, 57 


I 


ABSTB,ACT 

WaMmami Vaccine £or Foot-and-Mouth Disease in Liberated Italy, R. W'. Ul-sh- 

MoiiK (J94.5). Hull. U, H. Aruiy Med. Dep. 89, 

T j<u'H\u,) 1 ' 1 ': is of {jropsiration and dosage of a. modified Waldtuann's ViU-cine. Pr-odaction 

is in three siugc^s. (a) preparation of virus, (h) pre])ara.tiun of aiiuninium liydroxide solution, (e) 
facture of vaccine. 

(a) Infeetive e]>it]icliuin from u'uihca pigs is ground finely in hufler solution /d! 7*(i aiul [)a.p(‘r 
tilti'.rcfl. Tlu' filtrate is diffusetl lunhu' the dorsal lingual epithelium of susct'pfiblc cuttle. After 
24 hours the whole e])ithelium over the imxmlated area is pelled off and phiced in a fi'eezer. When 
frozeii solid, it is passed tlirougli a fine meat 'grinder, freshly distilled water is added in amount of 
three to one. and the mixture (‘.entrifuged at 1500 r.p.m. for 5 minutes. After drawing off the super- 
natant, distilled water eqtial to four times the original amount of epithelium is added to the sediment 
and the mixture is ground. This proee.ss is repeated once. The resulting solution of virus in the 
amount of eleven times tlu^ quantity of original epithelium is passed through Seitz Filters: first 
siz(^ 5 and then size 6. 

(h) To prepare 20 litrt^s oj“ hydroxide solution, (1) 20 Jitr<;s of water are warmed to 03^0, and 
880 gin. of ammonium sidpliate added. (2) 1500 gm. of aluminium ammonium sulphate are dissolved 
in 4 litr<‘s of wati'r. {'.)) Solutions of steps (1) and (2) are mixed and 2 litres of cold, ammonia added. 
(4) Aftm* 50 litres of water a re adtled to the solution of step (3), tiui mixture is stirred for 15 minutes, 
and the siipernatanr fluid is drasvn off by centrifuge extracto]-. (5) To the sediment of step (4) 60 
litres water witli 10 c.c. of ammonia, are added, tire mixture centrifuged, and the fluid drawn off. 
(6) This washing is repeated fi\’(i times. (7) The solid portion is collected in 20 litn^s water-- the 
mixture st(‘rilized immediately at 105°0. for 30 minutes and allowed to stand for six days. Pre- 
paraf.ion of aliimiininn liydroxidi* to the point of placing it in tlm sterilizer must be finislied within 
two hours' time. 

(c) The following are tirst mixed in the order mentioned : 5 parts, ahiminium hydroxide solu- 
tion ; 4 parts, sterile buff(*r solution coiisi.sting of 0*2 per cent siKlimn liydroxide and 0*5 per cent 
glycocoli solutions : i part. \’iriis solution. After ndxing the aluminium hydroxide and buffer solu- 
tions the container is evacuated and the virus is allowed to run in slowly and with constant agita- 
tio,n for 30 u:iiniites. Formalin is added to a (joncentration of 0-05 pru' cent and the mixture agitated 
fo,r further 30 minutes. The vaccine is first Icept at 25°G. for 4S hours and tlien at 5”0. for 96 hours. 
A. safety test is made l>y injecting then susceptilile bo vines eacli with 60 c.c. of tliis varceine before 
use. 1'he, vaccine must lie kept stored at 3®-?" C. 

r)<jsage of the vaccine sulieut. is 50 c.c. for a,dult liovines, 20-35 c.c. for calve.s, 5 c.c. for sheep 
and goats and 5-15 e.(\ for swine. Revaccl nation every .six months is recommended. [M.M. Hiiq.] 
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Fig. I. Distribution of Bracellosis in India 
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BRUCELLOSIS IN INDIA* 
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(Roceivfd for publication on 8 May ISM 7) 

(One text-figure) 

I N INDIA, as iii other countries, ln’uceilosis usually exists within a. Iierd in tlie torm of a. con- 
tinuous infe.etion puii(;tuiit(Hl l\y sporadic abortions occurring si<»giy or in groups. Such loW"* 
grade cnEootics are seen in lu'arl}’ all Indian lanus and many villages of tin* j)enmHu!ai and u a tally 
jM'oductt ati laaniding trickle of td tortious of I to r> per ctutt in the, year. Prom time- to time, liow- 
,v, ever, these infections exacerliate tio 5 to 15 per cent witJiin a few inontiis. In specitil <n!.'(.;iimstaiK:es 
ihajor enzootics oeciii* where the annua] incidence of abortion may amount to 20 per c.ent during 

( several years, wiiil.st, wlien newly introduced to a susceptible Jierd, the disease can be stwere enough 
on occasion to produce abortion rates of 20 to 40 per cent of pregnant cattle within a, lew months. 
Thus, brucellosis in India, while not dissimilar to the disease in other cuuntides, pro i>ai»ly shows 
gn'ate]‘ extremes than elsewhere and attempts are made in thi.s and the following payei* to illu.st,rate 
the way in which (mvironineut domina.tes tliese contrasts. 



Bfucellosis in India 


Incidence and Distribution 

A {“onsppctus of the incidence of the disease in India appears in the mat) (Fip-. n, while Ta.h](> T 
c.ttenipts to summarise its ro^iona] distribution in rtdation to climate, ' ^ 

Fa/w.s-. .Most of th(i or^^anwed farms in India, have bo('n visited .uid their stoedv blood leHed 
while .specimens from mn.st of the others have been examined. It has been fonml an a, result l hal’ 
•rre.spective of situatiom nearly all farms are mom or le.ss iiilec-ted. Knrther. a,s most of the si, mins 
isolated from hums are of the non-imh>noiis spe.aes [Br. ahoHm), th(‘ ori^dn of the iidVc-tiou is attii 
biited to (Me impoHed from the oiwideiit. Th.^ di.st.ribiit.ion of farm brueellosis, therefom V' of 
smull sis-mfifajioo. ,on,g „» the tvh„le ,.„<1 , i, lins (he Hil,uali„„„ „r euVll,,' 

eharacter of their found, U, on stool. The into of inf, i„ fiinn.s, |,„„ev,.,', v.nies .,,,,1 
to .some extent o , epen.l on ohninte, Tims in ,„ilihn,.y e.slnl.li.sliments i„ ,,,v„,s of Ion- ,,,i„f,,H ii;;: 
non,, al annu, il abortion r,iteKi or I! per I p,.,. in l,ufra,loe.s, l.,i( 

1 farms situated near the ram I, cits are son„.(in„..H hif;1,e,. (Tal.lo IJ), inain, rate., in I.,, in.ii.o- , , 
stoeb o{ (.overnment farms are .al.out I p,-,- .en, less in f.lie ari.l nort iV uaet ami norti, an ^ , ( i , 
Iiliper Gmioetu- imsin, l,u(; m tile welter east tliov rise to 24, h, n per rent or more 


Re(}ional of hrm'dhidu in India. 


UniPolIot 


(!haT'jiPt.(*i‘ of 


Annuiil rainfall 


Farms 


lifihzehistaii, N, \\^ F. ProvincH', 
Raj pal, ana 

Punjab, United Provincefi, Hiliar 


•Bengal, Assam 


‘•Itaie enltiviition 
and forested bills 


Western Ihyderabad. llerar 
Western C-entral Provinces 

Eastern Central Proviiiec.s, e 
era H ydenibad, Orissa , Madri 
Mysore, sont hern Bombay 

Central and northern Bombay 


and Cultivated plateaii 
and foriistod bills 


R,iolily.cnlti v a t 
coastiil bo]t,s, n 
hilly int,<3rioi> 

Cultivated (ioja 
belt with li 
ijitt‘ric»r 


Exccptiiio' one ahiiormal rate of 1( 
J’mviuc'es. rates in Ihe few farms of tor 
are rare in the south aiuj west and thev- 
climatically, 

A fair number of ry—' 

bolt of Bombay. The huTuidify 
alike may luacli ilO per (i(mt per 


'_p(o- cent m both cows and buffaloes in nortiu 
•Id central .Imlia are ! pm- cent or hhs.s. {foverni 
snom to be but sli-htly a, fleeted, bein,u month w 

,««,s,',.oi,„nor,.i„J private fnnn.s |i,, i„ e„,|, ,„n,| i„ 

' li'-f i« Ingl, 1111,1 iiliortioii ru(,,,s i„ „„ 

• 4 r ' ■‘<'‘^1 oHtiirealis siiiilii to ill, ,,'i.(| i,,,, 

I.rivute, hirms ..„„| ,,,, p„;,.„'r.;pp..',r 

'Uon The effect of climate is better illustrated by the rlisf ril.nf it f 
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!){' i-oarioiiai)]p aasurae that most villa, ge infection' would lie adjacent thereto, A "lance at the 
map fhig. 1) shows tliat such is not the case, and indeed, village infection is commonest where farms 
are least inuiK'rous and rfee rer.sci. Moreov'er, as shown elsewhere. [Poidhig, in press] all Bmcella 
strains so far isolated from these vilJa.ges, ditler in their typing chara-eteristies froni tJie Ih\ abortus 
st. rains found on farms, it seems, therefor*;, that villjige infection, oceiirring as it does almost (>X“ 
clusivel}' on tin; Indian ptminsnla, has nut he(ai i»n}»ori{;d from iiluruj»e rid the farms, but is an in- 
digenous Indian infection whose distribution may prove to l>e of epidemiologii'al signiheanee, In- 
de<‘d, inspi-etion of Table 1 a,nd the map (big. 1) i’evea.]s a curious position, liihshion, as far u.s it 
lias been discovered, lies mainly in the tri-scasomd radnfall area, of the }jeniiisnla, south-east of tin; 
thick line on the map. It has, lioAvever, advanced as far as, and follows wnth considerable accuracy 
tin; limits of the hi-seasonal radnfal) area .soutli-east of the thin line, Converstdy, the minimum 
village infection seems to he in the a, rid north-west. It must he adinittisl, lioweve.r. that owing 
tiO (he diffieulties of obtaining siilhcieut truly representative blood samples for testing, the final pre- 
cise position in north-western villages is not yet fixed, but, so far as tests have, been made, the re- 
altor incidencans negiig 

In the south, the position is more exactly known and the incidence o.*^" agg[iitinifi-]>ositive village 
cal lie runs between 10 and bO per cent in villages where ahorlions occur, but is negligible wlimv 
abortions are not remarked. In Table 111 some ridovant elinieal comlilions are correlated with the 
reactor incidt'nce in village animals of the. south. 

Taiilk 11 

Above (uxnaje abortion rates o(Tarrin(j in the irriler Mililar// Farms 


Aberliont 


AtitufiJ Per cent 


IbllMll A 

COVVM 


Ruftaloc.!. 


IbUTalufS 


3-1 

12-n Mpav ■ ,j*J) 


lO-O 

()•;{ 

IM 


I’ABLF, III 

ib-m-ella, reactors and disease in soalh-I ndian. villacjc cattle 
SyiKn'ial Retention 

Aboi’tion ealarpe- of the Sterility H ealthy 

ments placenta 


Relation hetm 


Serum reaction 


Oositive 


(Ol) per cent) (49 per cent) I (10 ]ier oent) (lU per coat) {10 {)e 


Oonhtiiil 
Nejiut ivo 
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I'iguree=aborfeiou per cent occurring at the piegaancy sho wn 


Taule iV 

Mean inckle.ncc of abortion anion<f mriouft rhosses of titoel: 


Class 

No. of hcr<ls 
observed 

ikipulation 

observed 

No. of 
aborters* 
observ'ccJ 

liu'idcnco 
per ceui. 

European zebu . . • • . . . 

15 

1,337 

273 :■ 

204 

Indian zebu, cohabiting with crosses .... 

Kl 

H‘rt 

12 , 

7-:} 

Buffaloes .... 

15 

1,S8(I 

110 

5-0 

Indian zebu, not cohabiting with crosses . . 

11 

4,4i).5 

107 

3-7 


*Ahorter8 —animals with history of abortion at tJu* time of a single random ubservation 

Tarle V 

Tkmrrcncc of abort ion aniuntj mrions daatien of s/oeJr 





Abortion 


.Mean expi'ciatiuu of 

1 calf loss 

Glass 

Popula- 

tion 

observed 

(jnee 

Twice 

TTu'ice 

Four times 

.Per 

aborting 

cows* 

Per life, Oiiie 
of 100 
random 
rtndtt 

European {European re- 


(is- 70 

per cent 






cords) . . . 







European zebu crosses 

! 300 

71-2 
{ler ceni 

23-2 
per cent 

3-2 

per cent 

04 

per cent 

1*3 

20*5 

Indian zebu, cohabiting 

"■ 




with crosses 

" 8 .. 

73-0 
pi>r cent 

12 , 
per cent / 

1-2 

])or cent 

0 

1-3 

U-5 

Buffaloes 

203 

02-0 
p(u’ cent 

per cent 

0 

per cent 

0 

1-OH 

3-4 

Indian zebu, not cohabit- 





ing with crosses . 

KM 

IM-O 

percent 

per cent 

1 

per cent 

0 

1'07 

3-0 


*Ciilculaled from actual rccurronci' of abortions in the jK)jmlations observed 
fFigurcs obtained in* multiplied by the average inckleuce of abortion j)er cent 

Tadle V! 

Pref/iiancjj at V'hich abortions oernr in varions i-lnsses of slurb 


Glass I 

1 

2 

3 

4 

5 

6 

7 

8 

9 

European zebu, crosses . . . 

34 

27 

12 

9 

8 


• a 

'^.1 

-.1 

Non-oohabiting zebu . . . , i 

46 

26 

13 

9 

3 

2' 


<1 


Buffaloes I 

16 

30 

17 

10 

1 0 

1 6 

1 2 ’ 

<.1 

<1 


10 I li I 12 ! 

oimerv'ed 
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jSuSGEPTrBILITY 

Iiioxtric-aMy entangkd as i( is with many lil;fcl(^-iinderst<H-)d A'.oliii’os of (iisrio^o Itiotsinission. 
suBcepiibility per sc is an imponderable a,ttril)iitt‘. Further, (he only stvaiiahlo tlnru on t!u' subjoel. 
often coneerri as in this e«se, statistieally unsuitable populations. licm'<' ii be.eouH's nei-essaiy to 
vj'isike the best of the available information. 









Table VII 

4ye ai which foetuses are aborted 

Population 

observed 


Ago of loot UH in nioufclis 


Gla^P 


European (European records) 
European zebu, crosses 
Buffaloes 


Eigiu’es=percentage abortions occurring at the months shown 
'*Buffalo’s mean period of gestation=10-^ months 


Table Vlll 

Abortioh rate in varimis grades of cross-breds 


(Jlass of animal 


Friesian (Indian records) 
§ grade . . . . 


indigenous 


Population 

Number of 
a bolter’s 

Abortions per 
cent 

18* 

3* 

IM 

108* 

8* 

7-3 

339 

21 

0‘4 

152 

1 9 

5*8 

404 

1 14 

3-0 

134 


1*5 

275 ' 

' '4 ■ 

1*4 
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It mniit be noted tiiat all the animals considered in the foiv.g-oitig sketch aiT kept in souiewiiat 
similar conditions and that their standards of Jife are gO(,>d, many ot tin* pun^-t'red /.eiiii Isents in 
particular living under semi-ranch conditions in a. ravoni’a}d<‘ climate. Bat scN'cre epidcinies (d 
abortion can occur, even in non -cohabiting Kohu situaied in good dimnit^s. Tald<'s .LX and \ ^i^'e 
data of one such outbreak. Ninety-five per cent of the aborted animals on I his fbnn were linnrihh 
positive and if the ainuia] abortion rate during the pctutd <»}' ibis ej>idemic b>' ass('‘-;a<>,(l at :•-» per e<'ul 
--a conservative estimate — the susceptibility figure of tJte htvrd works out at !1-!. t .e , imue th;ui 
tenfold the average for tliis class of stock. A possible explanation of lids anomaiy is gi\<M! in tlu'. 
next section. 

Table IX ■" 


Ahnrtkm mtc tlin'inj} an <''xacptwual Brucella vpnJeixic in iiidifp'Nc/is 


Year 

Tottil breeding 
ritoek 

(appro.vuuide) 

Number of 
ahoiter.'' 

Abortion.'^ 
]joi' emit 

1941 ..... . 

50 

10 

22 

1942 . , . 

.50 

!) . 

i IH 

Not kuowii, btdk;v(,‘d 1942 . . . • . . . . 

50 

■ -lo- ' 

1 22 


Breeding herd t^tal at llic thuo of observation (19-i3) ~ 52 
Totai aboi'tera t, . „ „ — 40 

„ „ per cent „ „ =77 


'.rABl.E X 

litridnnx of rcpaak-fl nhorhona dnrivtj un except ion a! Bnu’clia r/ddrn/ic -in indii/rnons enii\s 



Niimbej'.s Ktated to luivc ; 

iborfced 

.Moan e .Xj)eet:i.lioti of ealf loMi-j * 

■ j 

Once 

Twice 

'I'liriet' 

Per a-borting 
cow 

Per lifetime of 
loo random 
iuiimals 

Actual . . , 

19 

■■■10.. . ! 

5 



Per cent 

49 

40 

12 


41 -25 


As with cows, so with bufTalocs there are oxeeptionnl j-ates of aborn’on. These abnormal rates 
occur in two fonns, m., as severe epiibanic.s. ofwliidi brucellosis is almost certainly the I'aitse,. and 
as exceptional epi(lemic.s, mo.stly in villages and about which little is knoam T!ic fornK'r. tliouiib 
periraps getting more iVeouent. are not very common. Tl-.e hitter will bo tli.sen.ssrd in asiotber paper. 

Ill the ab.sence of records, it is impossiliie to give figures iJhistniting the siisce],)! itfilitv of vili^gt' 
stock, but it vseetus probable that they do not deviate much from the foregoing estimates for nebu 
cattle. ■ ' 

During five yeans of investigation not a .single abortion in .sheep' lias lieoti at1ril>ntable to hrm. 
cellosis, nor can a signi/ieant ineidence of remdons in the.sii animals be recaihai where sheep were 
aborting or wliere they were in (‘ontact with Brucella-infected cattle. It must h<* supposed, theri'- 
fore, that the .smsceptibility of Indian .sheep to brucellosis i.s slight. 

The goat, on the other band, .seems to be rather more su.sceplible. for. all hough during this siirvev 
brucellosis has not been diagno>sed in cases of clinical aboi'tion a.mong village goats, in tuo old-esfal'- 
dished goat farms, the disease has undeniably co-exi.sted with abortions. Nevori heless, goal bnu*d- 
losis in India is in no way comparable with, that of the Mediterranean area. 

During blood -testing work in slaughter hoiise.s, occasional isolafed reactors luu'c been encountered 
among goats and more rarely in sheep. It is noteworthy that thc.se iia.ve o<;ciirt;c<l only in south 
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T r I . . 

Jf 250 teM‘^'" 7 ; 

none waf! positive. ' ' ^ ^60 tested m 11 towns of north India. 


i i t 


rpt 1 r . . . Dissemination 

■ noted is are well known.^ TJie point to be 

uill survive outside tlu* }i<>st and ])c avaiiabh' for dissemiiv^h/’ 't farcuiustanoes tliev 

tempt is made to indieate the conditions .covorninc t ^ ^ 

<5ases Mive opportunities fm’ eomoarisoi/nni nation mu rontinent, where extrern • 

the,. is ,l.iW «.o,,.l,i„, too ::^ d''"™’"'”"' -■th-wcatSl 

rarain i ,« one ,nch or l,». I„ tl,. a»,,ti,.U.flit;o™tf ilTc™ 

blood iitai. Ill,, alhiospl,,.,.,, and land surface are mo ht whilom, i *^'1’®?' httle around 
raor. and lor fairly Ion.,, porimis the skv is owti^T HiJ™ . rf " “''"‘i® everywhere more com- 
is eiiKoolic 1,1 ihe smilli ami rure in 1 uorth-west Tlie'in “'“TP '’™®ellosia 

ini,nK.,'d to JhwM,, ,„. eom-erselw |!,„i „, , , M ? mlereiice ,3 I Inu simsliino and dryiies, are 

'■j.';"- ''-bbu le-s ,^'-1® h»'our Er suf 

0l lu|ucel,„s,,, on (I,,. I>,i„j„b orantee farms was noteE The the .leerease 

loi Ihe most purl (li,.,,. iiidigenons slock live and calv, nt f ** t "■' " ■“'®"“-‘lesert tract ami 
avampio o self-eliminat.io,, „r brucellosis E o ai hn , I dt i» «■' 

fontru.^r. rlicro arc throe furms in A-.-im ^ innno- ,u dry, snn-iit snrroundimvs Rv 

|v)n,j)- within tlic iii-scnsomd ruinbell. Tli'e animals of'!llos"^V 7 ^^^"''P' ^iinl protracted monso'on and 
those ot the grantee iici-ds. vet in 191 1 the iir'idotu^:,' f + " bums are similar in type and orio-in to 
their abortion rate raried from 2 1.„ « per petaEmn P®’’ ''“t*- '^>>*1®* 

In another inti iVwnnn It. I .7 :.,p3.i . . ... 


, P»- annuin. ‘ ’ " 

In another mdigenous herd of /r t\ , 

elimatiVallv normal period Il);i()-I 935 was |.‘>7 pi'cent ofl^ ‘‘tee during the 

H) 3 (M 9 :i 9 the rate was onlv O-dr^J^ 

^ n. ideiation arises, ior daring the rainless years the ^toch crnlJi ^ important, 

fed m congested corrals. The result of this oww-crov-dino '' ' be stall- 

Tt appeals, there.fore. tl.nt (conditions of conoc^stion suifek., + '' tnbeiculom. 

iiiteetion du(3 to a relati ve I v resist. -nn .T h '"''I an air-lnnme re.snt,.ntn-..r 


poiio(_l ol ('unstant sunshine and c.xrivnu* drviK'ss Tims eoii..- . Jinicvlla mfeetion during a 

<'^'110.18 may he secondary to cxi-ess of .sunlight.' ' ^ '*te^'v.stKm as a hmtor in the spread of bm- 

(farln waf::e.tihr’ ^ x 

nuous ((mgesiion ;dso was extreme Ru, l" 7 ^imb^bt was more oj' jess conti- 


(faim J) ^ Hei-e again atmosplieric hnmiditv was ne.v’ odd f DX and X 
nuous ((mgesiion ;dso was extreme tlie aniinals minlighf was more oj' jess conti- 

■eontradietoryresubs of farms 1 and 2\mv 7 b a k ^‘:'^^P'/>ite of the farm eomjiound The 
On farm 1 aborting ,,mmi.‘, ‘ ^ ?■'!''<= S™'-'® "f by kmh c«, 1 f 

;®;.t®;Wcrecp..ck,Hmlc3t^^^ <- 

lirfnghEtolfrimNih'afEriot'E^pp!^^^^ 

namely biunidity murmbdlif ®*‘"'‘‘‘c tl'o di3,sen.imrtio,i of /Wto 


10^- 
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Only one major endemic of brucellosis has been encountered in buffaloes (farm 3). Here the 
annual abortion rate was 21 per cent of ])regnancies over a period of six years ; this for India js cer- 
tain y excessive jxissibly imk]iie. In an attempt to explain this mmsual incidenee, many'environ- 
mcntal factors liavo been considered but the only extraordinary influence diHcovaa-abii' wL the <-x- 
ceptionally heavy monsoon, with 80 in. of rainfall during the period June to SiMitemlier. xi 

presents .a statement of the. inontlily abortion rates among siisc.i'.ptible stmdy caleulate.d from an a**-- 
gregate of the returns for five years. This shows that abortion rate for the mouths Noviunber tl) 
July varied litfie, about a mean of 1-4 and although the ],opu]ation of suseeptible animals sf.eadilv 
lULieases from January to July, there is no com\s])onding inc.rease in tfu' abortion-mtt' Tn ‘\mmsi 
however, whilst the number of susceptible animals commences to docTease, tlu‘ a,horti(m-rafce!sud’ 
denl> doubles and in September and October it is thrice the. mean for the norma, I mouths of tlie year 

I IZ? "f 1 i' ? transmission and iiuaibation oVth; 

liscaso IS kkel> to occupy a period of 1 to 2 months, the critical period of inoreasial infection-rati' 
causing the increased abortion-rate during August, Beptember and October, c.omnumces in mid-’ 
June and lasts into August. But m this period the abortion-rate, and thm-eforo presumably the 
lacterial excretion-rate, is constant, whilst the corrected numbiu- of susceptilile ailimals does not 

in ' absolute number of abortions in Julv is the same as 

m May. In other words donor and receptor inlluenees do not va,ry suilicuently durino' this period 
murL't I fed^b^^^^^^ nierease of abortions in August, Beptcmlu/and OetohL, 

But in mM "'"f survival a,ud transmission. 

But m mid-June the dimale changes completely from diurnal sunlight to total sunlessness and (>on- 
timious rainfall and tins suggests tliat either tin* absence of sunlight or tin* jiresence of moisture or 
both, favours the spread of brucellosis in buffaloes. * ‘ 


Table XI. 

Motiihly iw.ide.'itce of uhorhon finioiu/ huff<(h>eft of farm S 


T«rui of prcffiiancy in monihs, and the aborfii 
liability ratio i’or each inorith 


Month 


b 

(y-fi) 

8 

(3-25) 

7 

(2-75) 

6 

{1-70) 

January 


12 

1 

11 

10 

Fe binary ■ 


7 

11 

10 

10 

March . 


11 

10 

10 

40 

April 

May 


10 

10 

46 

131 


10 

46 

131 

134 

June 


4(5 

131 

134 

no 

80 

July 


131 

■ 134 

116 

Augu.st , 


134 

no 

80 

40 

21 

September 


110 

1 80 

40 

21 

October 


SO 

40 

12 

November 


40 

21 

12 

7 

December 


1 21 

12 

7 

11 



Figmefc ^ m columnB 2 to 0 number of animals pregnant at tlio term shown iv.,. in . 

Figures in column 8=sura of the figure.s in oolumms 2 to fi, after annlioation i.lxT., ^ r V 
figure in column 7. .ipjiiication o| tlie abortion-hability ratio, t.lie 

As before, however, the factor of congestion complicates the nictnre T)nrh.,r tn. 
buffaloes cannot be grazed and consequently they rtand in congested coicl^d,, so 
on end. Ihe mfincnce of couge.st.on may pei-haps be eliminated by comparing this result ‘adth the 
records of farm 2 above, which, besides carrying the. herd of Brucella infootoVl i i i- 

nuased, keeps a herd of elo.sely cohabiting buffalols. Ft i.s remarkable th-it diVrbm rit 'Tb 'k.s- 
abortions occurred in buffaloes, despite their exposure to exSve nfee? on fZ ’’ m "" 
each larm the factor of conpstiou is probably about equal, but on farm 2; as evidence “hethc^Zesd 


n 



f 
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Table XU 

Com parison of environments in farms 2 and 3 


im 


fwivironment 




(>verc;ist. rikI huniit} 
CoHf'-estoci 


Panzootic 
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INDIAN SPECIES OF BRUCELLA 


By J. B. Folding, Indian Veterinary Researcli Institute, Miikteswar-Kumaon 
(Received for publication on 8 May 1947) 

^ KTOT all Brucella can be exactly classified and in an examination of some 2,000 strains Hiiddleson 
* i 1 [1939] refers to 13 that were not precisely a&orte, or sWs. Huddleson bas recently 

intimated to mo tha.t a correspondent of Ms lias encountered a certain atypical variant in Indonesia, 
which appears to be indigenous to that country. The characteristics therefore of strains isolated 
in India will be of interest and in this paper are described some 49 strains collected at random from 
this country, 

Expebimental 

Methods 

The criteria used for typing were, (1) CO, requirements at time of isolation, (2) HgS secretion, 
(3) inhibitory action of dye media, and (4) antigenic structure. The techniques of items (1) to (3) 
^ were those of Huddleson [1 939], that of (4) was based on the work of Wilson and Miles [1932], Controls 
with type-specific strains were prepared throughout. 

Strains were examined for dissociation as follows. Two-day-old agar cultures were suspended 
in 12 per cent, saline and adjusted to density 1 to 2 on Brown’s scale. The suspensions were immersed 
in boiling water and readings for agglutination made after 5, 15, 30 and 60 minutes- The suspensions 
were then removed and left on the bench until the following morning when they were again examined 
for agglutination, A strain agglutinating in these circumstances was regarded- as disvsociated. 

Tests for antigenic sensitivity were made as follows. Standard antigens were prepared by 
suspending 48-hour-old slant cultures in 12 per cent, saline and their density very accurately adjusted 
to 1 on Brown’s scale. Stableforth’s [1936] standard dried serum was reconstructed according to 
his directions, but the concentration of his final dilution series was halved in saline. In a series 
of tubes, 0*5 c.c. of the antigen to be examined was added to 0*5 c.o. of each dilution of serum in the 
■f' halved Stableforth series, thus forming a titration range of 1/640, 1/800, 1/960 and 1/1120 and 1/1280 
and the ultimate reaction after 24 hours’ incubation at 37'’C. was noted. In this range, type-specific 
antigen prepared in a similar way had been previously found to react to about +-j~ at 1/1280, and 
this titre was accepted as the datum with which the end points of the titrations of the field strain 
were compared. 

Strain typing 

In tlie intemperate climate of India, the procuring of satisfactory specimens for bacteriological 
examination offers many peculiar difficulties. The main troubles are |;Ae early putrefaction of dead 
tissues, dust contamination, long periods of transportation in warm environment and above ail 
diffi{}ulties of communication, for abortions usually occur without notice in remote localities, which 
« cannot be reached in time by persons qualified and equipped to take samples fit for exammation. The 
Bruaella strains it has been possible to secure have thus been disappointingly few, but su<'*.h as they 
are their origin and classification are given in Table I, 

In this classification, all 26 Br. abortus strains fell precisely into class, with no discrepancies. 
U is al.so noteworthy that all came from organized farms, most of which have carried or are still 
cari^ring European cross-bred stock, and that they occurred equally in cows and buffalocvS. A.s 
regi'-r'ls the melitensis strains, in all three there was little doubt as to their classification (Table 11). 

It will be observed that first two strains were rough, so that their antigenic structure could not 
be examined, but in all probability they are normal melitensis types. They are alleged to have boon 
isolated some years ago from a cow and a goat in the Punjab, The third strain was isolated recently 
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Indian Species of brucella 

Table I 

On(fin and classification of Indian Brucella slmins 


% I 


Origin 



Br. almtus 

Iit\ inelileMsi'i 

III icbissi lied 

Host 

Host 

Host 


Barm 

cow 

Farm 

buff 

Horse 

Farm 

cow 

Goat 

Mart! 

Farm 

cow 

k'arm 

buff 

Villagti 

Ahmednagar 



1 


1 







Ambala . 



2 

7 








Bombay . 



1 

2 








Cuttack . 












Ghoom 



1 









Hisaar 







1 


3 


. 

Jarsugudda 












Jubb^pore 












Kirkee 




1 








Labore 



3 



1 






Lucknow , 












Meerut . . 




1 








Mukteawar 



1 

1 





(J 

J 


Mysore . . 



1 









Patna 









1 



Poona 








1 




Bapur (Madras) 











s 

Ba^mak . 



1 

1 








Siaikot , 




1 








TotaU . . 

11 

14 

1 

1 

1 

I 

12 


(i 


Total'. Br, abQrlus^ 2 G, Br. 7 Helitensis=S, vinolassifiecl~20. Grand Mul=s 4 i) strains, 

Table II 

Classification of Indian meliteusis straws 






COarequirements 
at isolation 

Excretion 

Growth 

on 

Agglutination with 

Strain 


8ucce.saivo 

days 

thionin 

fuclisin 

uioiio-A serum 

mono-iM 

serum 

Abortus control , 

Suis control , 

• • 

CO3 . . . 

air/COj 

+++ 

+-!-+ 

++ 

X + 

+ 

+++ ! 
++'h 
++-I- 
++H- 
++-1- 
+H- 
++ 

+ 

++H- 

1 

-1- 

-!--[- + l/;i20 

H-1/20 

Mslitensis control 

I , 

air/GOa . 

nil 

+H"-f 


-1-1/20 

+1/640 

Indian-meltn<ensta 

I , 

air/CO, . 

nil 

++■1- 

+ + -t- 

strain rough, tost 
not po,sHibIe 

Ho. 

IT . 

air/COj . • , . 

nil 


++ + 

do. 


Ho. , 

Ill . 

air/COa . 

nil 


++•}■ 

-b + l/H20 

++i/itia 


■from a naval rating in l^ooua. hospital, and, whilst it was able to grow in air and failed to produce 
HgtS, it grew but wealdy on thioniu and its antigenic structure ap2>eared to be more abortus than 
meliiemis. The reason for tl'ie appearance of these strains is obscure, but it is possible that the third 
at least was brought from overseas. 

The twenty strains . termed ‘unclassified’ all differed from true Br. abortus types in one main 
characteristic, i.e. they grew both on thioniii and fuclisin. Also the majority, although undeniably 
abortus antigenically, showed a slight tendency not to differentiate so sharply as pure abortus types 
on serological tCvSts against monosjiecific wsera, whilst two w(U’e distinctly melitensis in this re-spect. 
One strain isolated from Patna and one from Mukteswar, whilst conforming to the above grouping, 
also grew in air at isolation. 

Table III illustrates the tyjung results of some of these unclassified strains ; those not shown, in 
the Table were unexceptional in their behaviour and are typified by the Madras or Orissa village 
strains of the Table. Such strains will be referred to as “ abortus jmelitensis ”, or A/M for short. 

Table III 


Unclassified Indian Brucella strains 


Origin of strain 

Atmospheric 

HaS 

Growth on 

Agglutination with : 

requirements 
at isolation 

Secretion 

thionin 

fuchsia 

mono-A 

serum 

mono-M 

serum 

.Lucknow (farm) 

CO. . 

.|- .p 
+ + 

4 - 

+++ 

+-I- 

+ 

+ + P 

.+ + - 1 - 

1/lGO 

1/6120 

Jubbulpore (farm) . 

CO 2 

+ + + 


Negative 

1/3600 

Hissar (farm) 

GO 2 . . . 

-i-i-h 

-I-+ 

- 1 - 

+ + + ^ 

+++■ 

1/1280 

1/80 

Mukteswar (farm) . 

CO 2 

+ 

H--r + 

-'r + 

+ 

+++ 

+ + + 

1/04.0 

1/80 

Do. 

COjj/air 

+ + + 

+ + 

+ + 

+ + + 

+++ 

1/020 

1/80 

•Kanara District, Bombay 
(viZIage). 

CO^ . 

+ + + 
++ ; 
+ 

-h 

+ + 

+ + + 

+ + + 

+ + + 

+ + + ' 

1/100 

Negative 

■Orissa (village) 

CO, . 

+++ 

■+• + ■+• 

1/320 

1/80 

Madras (\ illage) 

CO. . 

1 ■ + 

+ + + 

+ + + 

-I- + 

+ + + 

++ + 

1/320 

1/80 : , 

Bibar (ferm) , . . 

COj/air . 

+ 

+ + + 

+ + + 

+ + 

+ + 

+ 

+ + 


1/320 

1/40 


The + signs ure puroly comparativt) estimations of degrees of reaction, fix the H^S column the reaction was registered 
over five sxiccessivo days. 
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On first, examination of these strains, it was thought that a technical error had crept in, but, 
when the work was repeated keeping careful controls, it was found that if the above dye concentra- 
tion was low enough to permit the growth of melitensis controls on both media, and if ordinary, 
European ahoHus and undoubted Indian abortus strains were inhibited on thionin but grew on. fuchsin 
the results with these aberrant strains were always the same. Moreover, field strains were always 
tj'ped in lots of 10 or 12 at the same time, and it is significant that out of tlie 49 strains no less than. 
20 inescapcably gave this ambiguous result. It is concluded therefore that this abortus! melitensis 
tjT^e is a common iiiclian BruceUa variant, its constant characteristic being ability to grow on both 
thionin and fuclisin. Variably, it will grow in air on first isolation (two cases out of 20) ; its aaitigenic 
constitution is unstable, two strains out of 20 being melitensis aiitigenically and the rest coutbrmiug 
more or less to the structure of abortus. 

Agglutination absorption tests have been made on these ahorhislmelifeyisis strains to observe 
whether they contain any additional, hitherto undescribed antigen, but this does not appear to be 
‘ the case. : 

As to the origin of these aberrant types, it is significant that all the six strains isolated .from 
villages of the Indian peninsula were of this nature.. It is suggested, therefore, that this is a South 
Indian indigenous variant and that the true Br. abortus type, as yet exclusively found on organized 
farms, is an imported European strain. 

Further, a consideration of the part played by climate in the dissemination of Brucella {.Folding, 
in press) suggests that, if there was a spread of infection from the villages of this peninsula it would 
be likely to occur along the relatively liumid Himalayan foot-hills and perhaps <lesGend into the 
Gangetic plain. It is of interest, therefore, that the abortus lmdile)isis strains, so for isolated from 
organized farms, have been found at Jubbulpore — not very distant from tlie endemic are of Nagpur 
and Raipur — , and at Bihar, Lucknow, Mukteswar and llissar, whither infection may well liave 
spread md, the Himalaya. 

Dissociation 

Rough forms of Brucella can sometimes be recovered from the animal liost, wliilo tliey may also 
arise during prolonged artificial culture, especially if grown in fluid media. The specie.s rnelifensis 
dissociates ^'ery much more readily than the <jther members of tlie genus, and iimong the prcjsent 
Indian straiiis two out of three melitensis types were rough wlien examin(.Hi after many subcultiires. 
Of 26 abortus strains, one only was partially rough in the primary (jultiire. ILjwcver, when 18 of 
these strains were re-tested after some 15 or 20 transfers on liver agar, six had become partially rough 
and two wholly rough. None of the abortus/ melitensis strains was rough at isolation, l)ut <.)!: 13 re- 
tested after some 15 or 20 transfers four had become partially roiigli and one wholly rough. 

Antigenic sensitivity 

Most of the present collection of Indian strains have l.)een tested for differences in antigenic 
sensitivity but within the limits of ordinary error no differentiation has been observed, - - even the 
abortus/ melitensis forms being unexceptional in this respect. Some of the results of this work are 
shown in Table IV. 

Yimlence 

As white mice a,re required in large numbers in assays of virulence, and as these animals ar<^ 
not easy to obtain in such iiiuijbers in India, only a few Indian Brucella strains coiihl be examined 
for this property. ^ The test is described by Priestley and McEwen [1938] and the j-esults of some 
of the present estimations are shown in Table V. For compaiison, te.sts on threu* foreign vaccine 
strains are included in this Table. Again, for control purposes it was necessary to compare the 
virulence of: Indian strains with that of type-specific strains from abroad, and in so doing few mice 
were left for testing the local strains ; even then, the interest centring round the abortus /meUtensis 
type led to four of these and only one abortus and one melitensis being examined. 


Table IV 


Antigenic sensitivity of Indian Brucella strains 


Strain - 

Type 

Titre 


A/M 

-f 1/1120 


A/M 

++I/MO 

F41A . . . . ... . . . . 

A/M 

-{-1/1280 

MIB ... . 

A/M 

-f 1/1120 


A/M 

-{-1/1280 


A . 

+1/1120 


A/M ^ ^ 

++1/1120 

F45 . . . . 

A. 

-{--{-1/1120 


AIM 

+ ++1/1120 


AIM 

-{-+1/1120 


' A/M 

++ 1/1280 

Control (European) . . . . . . ’ . • • 

A . 

+-1- 1/1280 

A=Br. abortus j 

A/M = Br. abortusjimlitensis 


Table V 



Nnmbers=dead mice out of 5. 

A~Br, abortus M=iJn mdiiansis AjM.=Br. abortusjmeliteims COg^COa sensitive 


The Indian strains tested were recently isolated and, except the melitensis strain, were CO 2 
sensitive! As might be expected, the order of virulence proved to be : melitensis most virulent 
aborius-melitensis of intermediate virulence, and abortus least virulent- As repeated sub-culturing 
is supposed to lead to loss of virulence, a comparison with the overseas type-specific strains must 
be made with caution. It is to be remembered that the Maltese strain was isolated six years pre- 
viously and the English abortus strain must be many years old. After maldiig due allowance for 
this, however, the experiment suggests little difference between Indian and overseas species. To 
check up this suggestion, in Table VI a comparison is shown between the Indian strains and an 
average result of four recently isolated English Br. abortus strains typed by Priestley and McEwen 
[1938]. If it can be believed that tests done by different persons are comparable, the foregoing 
conception of virulence seems to be substantiated. 

Discussion 

The apparent rarity of melitensis strains in India is note-worthy, for while corroborating the 
belief of most contemporary observers, it accords ill with the early history of humhn infection, which 
for this reason merits a brief scrutiny. From the year of Wright and Smith’s [1897] demonstration 


oftlie agglutination tost for brucellosis until the far-reaching revelations of the Mediterranean hover 
Commission [1905-07] an over-growing number of reports were published of imduliint fever iu India. 

Table VI 

Comjinrison oj the oindcyMG of Indkm and Buwpean strains 


Biujifirinl (If)Hn 


StiviiiiB 



4X109 : 

2X10* 

]. X 109 

onxi{)9 

imlinn M • 

5 

5 

4 

4 

Indian CO, A/M* . . . .... 

5 

4 • 

i" A 

1.. ' 

Indian COg A ' . . 

4 

2 


1 

MoEwen’s COjAf . . . . ... 

4 , 

2 

1 ■■ 1 ■■ 

0 


Kurtibe.r8=dead mice out of o 

* Average of 3 Indian village A/M stniiiiH 

t Average of 4 of McEwcai's nbortiif! .strains (CO^. sensitive and virulent), Priestley and McEwen [1938] 

A~Br. alortus 'M — Br. AlM=Bi'. abotiusImelUensis C02~002 — seasitive. 

It is indeed remarkahle that witJi the crude facilities and techniques of those times, investigators 
were apparently able to isolate what seemed to be the causal organism with ease and ctntainty, e.g, 
from 11 humans in Multan and herozepore [Lamb and Pai, 1906], and from goats also in Feroze- 
pore [Proster, 1906]. Concurrently, numerous serum-positive cases of typical fever were described 
from all over India and a perusal of the contemporary journals forces the conclusion that undiila,nt 
fever was enzootic in certain military cantonments, with the inference that the Punjab at least was 
widely infected. IVhat is more, a scrutiny of the records cannot fail to convince the critical that a 
gram-negative, CO.j-iuseusitive, cocco-bacillus, agglutinable by BmceUa-Bpecliio serum, was being 
isolated. This, together with the fact that GO., was not required at isolation, is an indication that the 
species concerned was ■melitensu. On the other hand, agglutination reactions were generally weak, 
and demonstration of infection in animals was infrequent and confined to a few cantonment goats 
only. 

In 1907, the spate of case reports suddenly subsided and at the present day it is difficult to 
obtain more than very rare reports of single scattered cases of undnlant fever. But this surprising 
state of affairs can only be explained by one of three propositions, (1) that the earlier repo.rts were 
incorrect, (2) that in the period 1907-1939 human brucellosis in India had practically died out, or 
(3) that undulant fever still occurs frequently but is either not reported or not diagnosed. 

The earlier W'ork must either be disbelieved as a whole, thus discrediting the work of several 
specialists, or accepted as a whole. On the other hand, it is past belief that at the present tinui 
frequent cases of so obvious a disease, -ab meUiensis infection could be mis.sed in modern army hos]>itals. 
In the face of this, an explanation must perhaps be sought in tiio admittedly rather improbable 
proposition 2. 

Now it is odd, to say the least of it, that case reports in India subsided so soon after 1907, tlic 
very year succeeding that in which the infection rate in the British garrison at Malta was so greatly 
and dramatically diminished. But nearly all the cases of genuine Malta fever reported in India, 
occurred in caiitomnents, and in the words of Scott [1939], ‘ The disease was shown to be widespread 

in north-west India and es-pecdallg in places tvliejre British troops were stationed ’ (The italk^s are, mine). 
Can it be accepted then, tliat inlhction in indian cantonments was brought by trooping movements 
from Malta, that dissemination was entirely localized, and, to round off tiie premise, that when fresh 
sources of infection from Malta failed, in the absence of a sufficient animal reservoir and pos.sibly in 
the face of stricter boiling of milk, the local infection partially or wholly died out ? 

During the present investigation constant attempts have been made to stimulate medical intfn’(\st 
in brucellosis ; but it has been rightly contended that during the wartime emergency !ittl(>, effort 
could be spared for a disease of mch apparent minor importance. The securing of Immaii .strains 
has,, therefore, been rendered almost impossible by the unavoidable cironmstance of war. 
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Nevertlieles.s, it is of deep interest why a disease, so prevalent in man on the goat-popnlated 
Mediterranean littoral, should be apparently so rare in man in India, where in certain parts at least 
slieep and goats arc abundant. At one time the simple explanation of the almost univeisal Indian 
custom of the boiling of milk was stressed as the explanation, but in France Taylor, Lisbonne*, Vidal 
andHazcmaim [1938] have clearly sliown that at least among breeders of goats and sheep, and possibly 
also amongst all who come in close contact with these animals— such as small-holders, house- 
wives ami butchers — some 40-60 per cent of infection is transmitted to man by contact. For a 
considerable section of the Indian public, therefore, the ‘ boiled milk ’ explanation fails and, if it 
can be assumed meUtemis fever in man would be diagnosed and reported were it a sufficiently 
prevalent disease in this country,— an assumption which is prohably valid — then it appears that 
the reason for its rareness in man must be its rareness in animals — and as will be shown elsewhere 
(Folding, unpublished), this appears to be the case as far as sheep and goats are concerned. 

Br. melitensis is not, however, the sole Brucella species pathogenic to man, and it seems possible 
that a variable number of Indians must become infected with Br. abortus from contact with 
animals, in which there is no room for doubt that Hr. infection occurs. Fare serum-jiositive 

patients, suffering from fever, are reported from time to time, notably in the North-West Frontier 
Ihovince and Punjab, but until the responsible strains are isolated and typed, which has not yet been 
done, it wall not be known whether these fevers are melitensis or abortus in type, although the latter 
seems more likely. 

On the face of it, therefore, it seems that, if melitensis infection has occurred at one time in India, 
it is not very prevalent today. The abortus type is knowm to occur in cattle and is likely to occur 
to some extent in man. Sheep and goats appear to be relatively free from either infection, -whilst 
there is no reason to suppose that the suis species occurs at all. 

The existence of the aberrant abortus jmelitemis strain holds much interest. Huddleson’s 
correspondent, cited earlier, observed similar characteristics in his aberrant Indonesian strains. In 
India, the only truly enzootic area, where the incidence of brucellosis in native village cattle is signi- 
ficant, is the south-eastern seaboard. This is also the area of constantly high atmospheric humidity, 
equable temperature, and a tri-seasonal rainfall. This portion of India is, therefore, not only nearest 
to Indonesia geographically but also climatologically. Consequently, it is tempting to suppose that 
this is a middle-asiatic variant, which is adapted to survival in regions favourable to the cultivation 
of rice. 


Summary 


Forty-nine Indian field strains of Brucella were typed and their dissociability, agglutinability 
and virulence assessed. They were unexceptional on all the last three counts. Of the 49, 26 were 
pure abortus, 20 were intermediate between abortus and melitensis, 3 were melitensis and there were 
no sieis. All six strains isolated from village cattle of the Brucella enzootic area of the peninsula 
were of the intermediate type and it is suggested that this is an indigenous Indo-Iiidonesian variant. 
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EXPERIMENTS ON THE TRANSMISSION OF SURRA, 

BY THE TICK OENITHOWROS THOLOZANJ LABOULBBNE ANR MEGRTN 
E}" S. K. BssNj Imperial Veterinary liesearcli InstitlitOj Mukteswar 
(Received for publicafciou ou 15 October 1&46) 

I N a. ])a])eL‘ published in 1922,* C^ross and Patel, in the Punjab, brought forward some evidence 
to siiow that, under experimental conditions, surra was capable of being transmitted through 
the agency of Omithodoros tholozani Laboulbene and Megninj, a tick of fairly comino]i occurrence in 
that province. They further observed that these ticks transmitted the disease to healthy rabbits 
67, 8.‘3 and 101 days after feeding on a surra-inlected animal, but tliat they proved non~infe(.'!tivc 
when tested one minute to 46 days after their infective feed. In fact thiit the ticks required at least 
an interval of 46 days to become infective for healthy animals led them to postulate tlie occurrence 
of a <■}'('] ical dev(4opment of the trypanosome within this invertebrate host, ou the analogy of what 
is known to o(x;ur in certain other forms of protozoan infection. In a later communication, however, 
Cross and Abdulla Khan [19-3] stated that ‘ these ticks were found capable of spreading the disease 
to a healthy animal 17 days and one month after feeding on an infected animal whilst Kahan Singh 
[J 925] fixed" tlie maximum limit at the 212th day. It is noteworthy tliat this last worker also reported 
having obtained positi ve results when the ticks were fed by the ' interrupted method and further- 
more, tlu^se results appeared to him to point to the conclusion that ‘ not less than lO ticks of this 
spc'cies a, re capable of transmitting the disease. '* 

On the other liaiid, a series of experiments carried out by Yorke and Madie [1924], by means of 
infocte<i 0. Iholozam tick forwarded to Inverpool by Cross from India, yielded results of an entirely 
m?gative order. It occurred to these workers tliat a possilile explanation for the failure of these ticks 
to infect was the fact that, immediately after the infecting feed, they were subjected to relatively 
low temperature during transit from India to England in the month of Recember. In order to exa- 
mine this ([uestion, they obtained a second supply of ticks that had been fed on a heavily infected 
dog on 23 July, 1923. These ticks, which were received by them on 24 August, were allowed to feed 
on a rabbit at frequent intervals, but no infection resulted. In commenting on* these results, the 
authors remark : ' We have no explanation for tliese negative results, but tlie subject is one of such 
practical importance as to demand re-investigation.’ 

The expi'rimeuts descrilied in this paper were undertaken with a view to further pursuing the 
tpiestion and more particularly with the object of obtaining any indication as to the occurrence of 
a iwclicul development of the surra trypanosome in 0. tholozani, a supply of those ticks having been 
obtained throiigli the courtesy of the Principal of the Punjab Veterinary College, Lahore. 

For providing the infective feeds, guinea-pigs were used showing trypanosomes at the rate of 
.1 2 to 40 per Held. A total of 502 ticks were thus infected and they were later placed in seven, groups, 
as shown Ixdow, in accordance with the date on which they were fed and the tomp<.*rature at wliicli 
they were maintained. 

Group 1. 26 August 22 ticks fo<l on a guinea-pig showing trypanosomes at the rate of 12 per 
field. 

Ticks were kt'pt at room temperature (about 20'X!.). 

Group 11. 27 August 5() ticks fed on a, guinea-pig showing trypaiiosoiiu's ai, tlie rate of 15 to 
20 per field. 

Ticks were kejit at room temperature (about 20®C.). 

Group Ml. 27 August 56 ticks fed as above, but kept in incubator at 2iY(J. 

Group IV. 1 Septmnbm' About 19 ticks fed on a guinea-pig showing trypanosome.s at tJie .rate 
of 20 per field. 

Ticks W('re kept at room touiperature (about 20"' {}.). 

Group V. 1 September About bS ticks fed as above, but kept inincuba tor at 251,!. 

Group Vi. 2 fjeptiunber Aiiout 137 ticks fed on a guinea-pig showing trypauosome.s at the 
rate of -10 ])er lield. 

Ticks were kept at room temperature (about 20%!,). 

l’a[)i'r road ai> tho .7iil)ileo So.ssion of Mio luclian ycienoo CongrosN iio-ld in Caloiifcta, .January JOiiS. ‘Rovlsed and 

t I'hia lick has also been kuoivn ])y the namt*.s of 0. croatii .Bnimiit and 0, painltipas Birula, whilsl, in a vocoufcpajicv 
{Ann. FurasiL Mum. Com, lt-10, 21, 74-8S), Desportes and Gampaua have dosigiuited it U, thulozani V i .t.crow;'. 
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i uu JbiX'pennients on the imnsmimon of Hnrra 

Group V.11. 2 Hepttiiuber Alaout 135 ticks fed as above, but kept in iuciibator at 25^' 

Tbe object of k'ecpiiig a proportion of tlio ticks in tlie incubator was to determine tiie effeci-, if 
any, of a relatively higli temperature on the viability of the trypanosomes aftex being ingest(Ml by 
these ticks, this ]>ossibility. as alresidy mentioned, having been suggcvsted by Y<jrke atid Ma('(i<‘. '.riu* 
infectivity of ticks taken from eacli of these seven groups was later testiui at- various iuttu’vals on 
healthy raldnts. a note being taken of the actual number of ti<*,ks fed on each oceasioft iti orrb'r that , 
in the event of the i-esult being positive, some indication might be obtained as t(» tlie inininniiu mnni)er 
of ticks necessary to jiroduce infection. Tlie experimental rabbits were obst'cved for aLxjut. t-lwi'e 
weeks and the results of these experiments are summarized in Table i. 

Table I. 


,/,V-,sj/// t>j‘ {•■:rptTmrnlH mill licks to yrndnee {vj'ccfitn 


Group Isa, 

Number of ticks 
fed 

Interval hctwccTi iufedlvc and ' heal- 
thy ’ feed 


VI . 



30 

4S houivs . . > . . . 

Negi 

VII . 



.30 

4S „ 


IV . 



30 

t davs . 


V 



30 



1 



a 

20: „ . . . . 


IJ 



30 

21 ,, . . . . . 


HI . 



30 

21 ' . ■ . . ■ . ■ . ,! 


I 



•;■)■■ 

,30 „ . ..... 1 


VI 



.33 

34 „ . . . . . , i 


VII . 



35 

■ 34 „ . . , ■ . ! 


I 




40 „ . . . ...... „ ' 1 


VI 



32 ■ 1 

48 „ . ... . .. . 

1 , ■ ’ 

Vll . 



33 

1 48 „ . . . ... ■ . i 


I 



' ■ ^ 

50 



Total 


333 




It null be aetm froin the f()rogoing Table that a total of 14 trials, iiundving the use of 333 
ticks, were carried out and the interval between the infective and the * healthy ’ fe('d ranged from 
48 hours to 50 days, this range, in view. of the observations recorded by l.'ross and Alalulla Ivliau 
[1923], being considered sufficiently long and vari('d to allow for the reproduction of th(^ disease iji 
experimental animals. The results, however, were of an entirely m^gative order and wei-e, therefore, 
in accord with those recorded by Yorke and Macfie. 


SUiNLMAUV 

The tiiek, Oontlwdoros lIiolorMiii, was incapable of traii.sjtiitting surra, under tiXia-j-iuieiUai con- 
ditions, from infected guinea-pigs to healthy .rub])its. 
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TKANSMISSION OF BANIEHEF DISEASE OF FOWLS 


By J. A, <in(! 0. Sfjktharaman, Indian Veterinary Be««earrh ln.«ititntp, ilh)kte8Wj.u’-Kimjaoii 

(Keceived for publication on 0 May 1^47) 

A .LTHOl'GH fin t'iiieient propliylactie vaccine ha.s now been evolve<l for n«e in the field, raucb 

can Ije done apart Iroin tliis to control the disease in nnvaccin«it(^d arcfis by iheatis tliat t-aa 
easily be employed by poultry farmers. The experiments described in tliis papm- were designed to 
examine some aspects of this control. 

Various views and experimental data on the dissemination of Hanikhet disease under natural 
or artificial conditions are recorded in the literature on the subject. Outbreaks of the disease occur 
mostly on the introduction into healthy flocks of nevdy purchased birds which are either diseased 
or aj'e in the incubation period or ha ve just reco^^ered, and the dissemination of virus is brought about 
by infected exudates and e.xcmta. Outbreaks in flocks with no history of contact infection are 
attributed to the dissemination of the virus ).)y such mechanical carriers a.s crows, pigeons, v’^ultures 
jind other wild Inrds, but there is as yet no proof of this nor has the virus been isolated from any 
■fiuch carriers. The possibility of its transmissi<ni by fowl ticks {Artfas persieus) lias been investigated 
by Komarov [1940] witli m^gative results. We liave (vbserve.d that lice from an infected bird on 
being transferred to a healthy one did not transmit the disease. Thus tlie digestive and respiratory 
tracts appear to be tlie usual routes of infection. 

Extensive studies have been made on the bionomics of the causal agent in countries where the 
disease occurs. Virus suspension, on ’which most of the experimental work has been done, at ice 
temperature retains its viability for several months and this explains the wide incidence of the disease 
during the cold season. However, the virus is very fragile and is readily affected by a warm at- 
mospheric temperature and by sunlight. At 50°C. to d'5*'(3. the virus is rendered inert by 30 iniimtes'' 
exposure and killed by direct sunlight in one hour. In garden soil or in stagnant water at room 
temperature (temperature not given) It became non-infective in four days [Farinas, 1930], In con- 
taminated brooders Dobson [1939] was able to recover the virus for a period of seven weeks. In the 
light of these data a vigilant breeder can achieve considerable success in mitigating losses. The 
secretions, exei'etions and tissues of affected fowls are all infective, providing wide scope for dissemi- 
nation. Doyle [1927] demonstrated that the disease is readily produced liy a light application over 
the mouth and pharynx witli a swab of cotton wool soaked with mouth exudate of an affected bird. 
Even small quantities of the virus set up the disease by intravenous, sulicutaneous and intrn.peri- 
toneal inoculations, as well as by scarification and instillation into the eye or into the respiratory 
tract [Stovei-, 1942] of susceptible birds. Under natural conditions, apart from direct contact — a 
term which is somewhat meaningless — ingestion of infected material is reported to be the most 
common method of transmitting the disease [Farinas, 1930]. 

Experiments o-n ingestion 

it! pillt! or capsultii. Fresh spleens from tavo fowls, whicJi died of Hanikhet disease were 
made into a paste and weighed into 0*5 gm, quantities. Such -weighed quantity was made into a 
dough with wheat flour and formed into pills with particular care that the surface of the pill should 
not be contaminated. Similar quantities of tissue were enclosed in gelatin capsules. Four birds 
were given pills and four gelatin capsules, each receiving one pill or one capsule, wdiich passed through 
ihe gullet into the crop. The birds were then kept isolated from one another for 8-10 days but no 
reaction ensued and all w'ere later proved to be susceptible. The experinumt was repeated on foiu- 
jowls, 0*5 gm, infected spleen in dough pills being given to each bird. They too reacted to inocula- 
tion of virulent virus fifteen days later. 

Yirutt mixed idlh grain. Five fowls were given with their grain ration pieces oi' fresh infected 
spleen. The feeding was individual and each fowl got 0*6 gm. spleen tissue after wfiieh some more 
uncontaminated grain was given. The minced -spleen was well mixed wnth grain (crushed make, 
erushed barley, bran) and was not wetted with water before it ivas fed. The birds remained una-flect- 
€•(3 ; eight days later they reacted to test virus and died of Ranikhet disease. 
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Transmission of Ranikhet diseasp of fowls 

Virus in waWr. One hundrod cubic centimetres water into which 2-0 jjfiu. Irtish inletiU'd sfilcs^n 
had boon stirred was put into the drinking pots oi' each of the seven birds. Euoli bird took appro ■ 
ximatoly 17 c.c.. of thti suspension within half an hour and was thou segregated Another fowl \vas 
given 0'5 gm. of tissue suspended in 5 c.c. water, the mixture being piptdtt'd on to thti back ol the. 
throat. All the eight birds contracted the disease and ilied within 4-7 days after the itdet'tive drink, 

Experiments on inhalation 

Two wooden boxes were so constructed that through an opening on one side the neck of the 
fowl would protrude, the base of the neck being held in po.sition by means of a cardboard collar. 
The two boxes were so placed that there was a distance of twx> feet between the beaks of tlui two 
birds, one infected 48 hours previously with Ranikhet disease virus and the other liealtliy. The 
entire structure was covered with a piece of muslin cloth for ventilation. After three, hours’ exposure 
the healthy bird was removed ; four days later, it developed symptoms of the disease' and died ou; 
the fifth rlay. The day after removal of the first healthy bird, another healthy om* was t'xposed 
under identical conditions to the infected bird nmv in its third day from inoculation. In this case 
also the disease was conveyed through the expired air to the healthy bird whicli died on the seventh 
day. Another healthy bird was similarly exposed to a.fowl infected four days fu'eviously showing 
signs of acute illness. In this case infection was not transmitted and the bird was late.r found sus- 
ceptible. In three subsequent trials the distance was increased to three fi^et, tlie time ol‘ t‘X]>o.siii‘i^ 
and other conditions remaining unchanged. In all these, how-ever, the results were negativt'.. 

In a second series of experiments carried out under similar conditions (except that tiu' n.iusHn 
was replaced by thick, cloth of close*, texture so as to minimise air currents, a healthy bird was ex- 
posed for three hours to an infected fowl at a distance of two feet, Fifte(m elays later tiie exposed 
bird proved susceptible to Ranikhet virus. This experiment was r(q>(‘ated thrice with similar re.sults. 
In another experiment a healthy bird was exposed under the same conditions but for a duration of 
six hours with ne'gative result. In a third experiment of this .secoiwl series involving three infected 
and three healthy fowls the distance was reduced to one foot. However, in only one case did the healthy 
bird contract the disease, dying on the 7th day. 

Discussion 

It appears that Ranikhet disease virus is rendered inert in the digestive tract. The above 
results may be explained by the fact that, whereas solid food is quickly swallowed, during the process 
of drinking fowls fill the mouth, raise the. head and swallow each gulp gradually so that the mouth, 
pharynx and larynx become contaminated. It seems likely therefore that infection tak(is pkn^e 
via, the nasopharynx and before the virus enters the crop, since swabbing the throat with the virus 
easily produces infection. There is little doubt however, that under natural conditions droplet 
infection is the most common method of transmission. The experience of Farinas [1930] tliat infec- 
tion is not readily transmitted between cages may be explained by the lack of air currents favourahle 
for spread. In droplet infection the chances of transmission by coughing or breathing largtdy depend 
on the distance between the infected and siisceptihle.. If the distance is t(u^ gr(^at, the virus may i,>e 
dilated beyond its infective potentiality. After expulsion the virus may lx* carried by air (uirrents 
some distance from its source and contaminate the surrounding areas. This explains liow, us some- 
times noted in practice, an outbreak of Ranikhet dlsea.se starting at one end of a poultry farm may 
spread in a few days to the interior and even to the farthest corner t»f the fai-m. 

Summary 

: L .Ranikhet disease virus, enclosed in a gelatin capsule, within wheat dough or mixed with 

grains, when introduced directly into the digestive tract does not produce the dise,a..s('. in su,s(!<q)tji)le 
birds. . . 

2. Susceptible birds contract the disease- when allowed to drink water containing Kaiiilcln-t 
disease virus in the form of tissue suspension from infected birds. 
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S. A susceptible bird contracts the disease when exposed for three hours or more to an infaefeftd 
one at a distance of not more than two feet under conditions suitable for the play of air currents. 
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POSSIBILITY OF COLOUBING YANAS:PAT1 WITH EATAJI JOT TO PREVENT 
ITS USE AS AN ADULTERANT IN GHEE 


By Noshie N. Dastur, A. Kannan and ZalR, Kothavalla, Imperial Dairy Eesearcli Institute, 

Bangalore 

(Eeceived for pubUcation. on, 20 November 1946) 

H ydrogenated vegetable oils, or what are popularly known as mnaspati, are used now a 
days in large quantities as cooking media. They provide a cheap substitute for ghee for this 
purpose and for this reason are normally made to resemble ghee, as closely as possible, in appearance. 
The two being visually very similar there is always the temptation to vendors to mix the cheaper 
product (vcmaspati) with ghee and to pass the mixture off as genuine ghee. The detection of the 
admixture of these two is further made difficult by the fact that there is great variation in the chemi- 
cal composition of ghee and it is not always possible to distinguish between genuine ghee and adultera- 
ed products, even by routine chemical methods. 

The ordinary purchaser must rely on his sight to distinguish between the two products and in 
order to enable him to do this it has been strongly urged that all vanaspati manufactured in India 
should be given such, a distinct colour that it may not be mistaken for ghee even by a casual pur- 
chaser. Deep yellow (turmeric) and orange colour (like the one given by amiatto) are obviously 
not suitable. Next to these two, red is the most agreeable colour. It was therefore, decided to 
carry out trials to determine the most suitable variation in red to colour vanaspati and ‘ rose red ’ 
or the tint commonly known as ‘ Gulahi ’ was finally decided upon. The selection of this tint no 
doubt was rather arbitrary, considering the fact that the accepted colour of natural fats is yellow 
but that made the selection of a tint other than yellow all the more necessary, as long as it was not 
repulsive to the consumer and fulfilled all the requirements of a cooking medium ; for, after all vanas- 
pati is used for this purpose only. 

The dye to be used for colouring edible products like vanaspati must fulfil certain essential re- 
quirements such as, (a) it must be easily available, (6) it should be non-toxic in raw state or even 
after heating to the frying temperature of vanaspati, (c) it should not in any way affect the quality 
of vanaspati by lowering its keeping quality or imparting a foreign flavour to it and {d) the coloured 
vanaspati must be stable to light and heat to a reasonable extent so that the colour may not be des- 
troyed during storage. Rreliminary examination of several natural and synthetic dyes showed that^ 
the red dye obtained from the ratamjot roots, Onosma echides, fulfilled all the above conditions. Ratan- 
jot plants grow in abundance in colder regions of India. The roots form the main source of the dye. 

Experimental 

Isolation of the Dye. The colouring principles of ratanjot are insoluble in water but freely soluble 
in fats and common organic solvents. The dye was usually concentrated by extraction with ether. 
Before extracting the roots with ether, they were steeped in ten parts of water for about 24 hours. 
The roots were dried at room temperature and fibres and other impurities were removed. The loss 
in weight during the steeping was of the order of 6 per cent. The percentage of impurities, including 
fibres, etc., varied from 13 to 18 per cent. Thus on the whole the quantity of extractable roots was 
about 80 per cent of the original roots taken. Steeping was also dpne in 5 per cent salt solution, 
k This however, did not give any better results. The concentration obtained was to the extent of 
6 per cent calculated on the basis of the weight of cleaned roots. The constitution of the colouring 
principles of the ratanjot roots has not been studied in detail but presumably it is closely 
related to that of the affianet roots, Anchusa tincloria, lam. [Perkin and Everest, 1918.] Nargund. 
[1942] suggested the fo.r.mula C30 Hog Og for the colouring matter. It melts at 220°C., with previous 
softening at about 190°C. 

Ratanjot roots are commonly sold in the bazar. The roots on storing do not seem to loose their 
i^iJDolour imparting property. The colour concentrate, extracted with ether, when stored at 37°C., 
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Colouring Vanaspati mth Matanjot 


for eight inoi-itliH did not suffer deterioration in the colour giving property and (;a.n thus be taken us 
fairly stabJe iindor ordinar}?' storage conditions. On the other hand, if the dyi; is heated to a vtoy 
high teinpenituro it do<>s not give any red colour to fats but will still give the. <‘harueteristic* ifltu! 
colour wit!) alkali which is iiow taken as a specific test For itulicating tiie pr(^s('ll<■e, of rainnjol. 

Colonrhig vanaspati. The concentrate obtained by extraction with other is not dire(ij;ly as(‘d 
for colouring vmiuti'jxdi as it is Found that all oF it is not soluble in Fats. One hiiiuli’ed gra^nis of ranus- 
pafi retjuire nearly 0*25 gm. of this concentrate to give an almost saturated solution oF colour in lat. 
To extract all the colour, the mixture is repeatedly heated to about 00‘‘'(h witJi eonsfant stirring. 
Tills is then filtered and the deep red vmtm'pati used for colouring any further ipiantities of ixnnixiioil 
to tlie required intensity is obtained. On an a,verage mmiS'paU of the kind ordinarily offered in the 
market requires 5*5 gin, of the concentrated coloured vanuixpati of the type, described, above.*, to colour 
1000 gm. of it to one red unit, as measured in Lovibond Tintometer using 1 cm. cell, the colour com- 
parison being carried out at 50°C. This gives a concentration of 0-0090 per cent. Under practical 
trade, conditions a colour mteu.sity of seven red units is suggested as .most suitable, A high intensity 
of colour can easily be given, but for the purpose in view tliis is not lUK'.essary, as the presence of 
vanmpali so coloured can fairly easily be detected as has been described later. 

Stability of colouml vanaspati to light. Investigations were (tarried out with different brands of 
mnaspuHcti available in the market, and they were coloured to three different intensities, viz, five, 
six and seven red units. For the sake of lircvity, lioweve.r, results obtained with only on<! ])opuIar 
brand of mmapati, made from tlie gi-oundmit oil, and coloured to seven red units, liave been <le;i.lt 
with below. 

The rrnutxpafi in (jnestion vras kept in glass Ijofctles stopjiered tvitli corks and exposed to oj'dinary 
daylight in the laboratory. The cJianges in colour, peroxide values and acidity were recorded ait 
intervals. Peroxide values were determined by the nn-thod described liy .Dastur and Lea [1940] 
and expressed as ml. of 'N/500 thiosulphate per gm. of Fat, Acidity was (-stimated by the method 
described in the Handbook of the A.O.A.C. [1915 j and ('xprossed as {lercentage of tficic acid. Tiie 
results are given in Table 1. 

Table 1 ' ■ 

Ejfect, of difjuml modighL on CAjloured vanaspati 


Time 
, interval 
in days 

Bescrii)tion of the samples 

Colour reading 

llecttiafic 
in red 
colour 
(per cent) 

Acid value 
(percentage 
of nleic 
acid) 

Peroxide 

value 

Rod 

Yellow 

Neutral 

0 

Va/ias2Jaii (A) 




0*3 

1*0 

0*2 


0*06 

0*47 


coloured (B) 




7*1 

1*3 

0*2 


0*08 

0*47 

7 

A . 





0*2 

1*0 

0*1 





B . 





6*0 

1*4 

0*1 

2*8 



14 

A . 





0*2 

1*0 

0*1 





B . 





6*0 

1*3 

0*1 

2-S 



28 

A . 





0*2 

0*6 

0*2 





B . 





6*9 

1*5 

0*1 

2*8 



42 

A . 





0*2 

0*4 

0*J 





B . 





G’7 

1*3 

0*1 

6*6 



m 

A 





0*2 

0*6 

0*2 





B , 





6*0 

1*5 

0*1 

8*4 



70 

A . 





0*2 

0*8 

0*2 





B . 





6*5 1 

1*6, 

0*1 

8*4 



86 

A . 





0*2 i 

0*7 

0*2 





B 





6*9 

1*7 

0*1 

16*9 



100 

A . 





0*1 

0*6 1 

0*1 1 


0*t» 



B 





5*7 

1*7 

0*1 

. ^ 19*7 1 



132 

A . 





0*0 

0*4 

0*i- 





B . 





4*8 

■ ■ 1*6 

0*1 

32*4 ■ 



167 

A , 





0*0 

0*3 

0*1 



26 ‘ 7 » 


B . 





4-4 

1*6 

0*1 

38*0 


1 J4-89 
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The main conclusions which can be drawn from the data given in Table I are as follows : 

(а) The colour of mtanjoi is somewhat sensitive to light. It is, therefore, necessary to see 

that coloured vanas-pati is not exposed to light as far as possible. This will not be a 
ciilficult matter under trade conditions as the vamspati is invariably sold packed in 
"..■"■tins. , ■ ■■ ' - : 

(h) The presence of rafanjot does not in any way affect the keeping quality of mnmpnLi. The 
acidity docs not show an. increase even after an interval of 157 days. 

(c) Tlie peroxide values indicate that raiunjot seems to have anti-oxident properties. 

Biahility of colouml vanaspati to heat. Vannspati samples were kept in glass bottles find stored 
■■at'..'' . . 

{a) Eoom temperature in. dark. 

(б) At 37X'. in an incubator. 

{e) At 4-2X1. in an incubator. 

The results obtained are shown in Table 11. 

Table II 


Effect of storing coloured vanaspati at different tethpcraf.ures 


Time interval in days 

Room temperature 

Percentage of decrease 

37°C. 

in r{}d colour ats 

42^0. ■ . 

0 . 







d-6 

d-6 

7-6 , 

63 ... . 


<>0 

0-0 

11-2 

100 


(>•0 

' 4-2 . 

16-9 

130 .... 


2-8 ■ ^ . 

8-4 

28-1 

215 . . . 


' :i*4 

12-6 

M'l 


The above date indicate that : 


(а) With the increase in temperature of storage, a decrease in colour intensity is observed. 

Considering the extent of the decrease noted, this may not l.)c considered serious under 
practical trade conditions, as vanaspniii Tiiay ordinarily be expected to be disposed 
off , in 3-4 months’ time after its manufacture. 

(б) Under ordinary climatic conditions, a decrease of about 10 per cent in the colour intensity 

ma,y be expected in about six months’ time. This was further borne out by the fact 
that coloured vanaspati samples kept in sealed tins under climatic conditions prevail- 
ing ill Bangalore and Bombay during simimer months showed a decrease in colour 
to the extent of 11 per cent after six months’ storage in, Bombay and 1 per cent after 
three months’ storage in Bangalore. 

(c) During these studies a record of the development of peroxide value and acidity was also 
kept, No difference in the keeping quality of the coloured vanaspati and original 
samples was observed. 

Effect of adsorbents on coloured vanaspati The edible ooloims as a rule are removable to varying 
degrees by the use of different kinds of adsorbents. Tliis fact is in practice is utilized for bleaching 
vegetable oils used in the manufacture of vanm-pati itsEE. It is, therefore, to be expected that these 
adsorbents would also remove the colour froni coloured wjzusjEiai?!. To study the effects of the various 
adsorbents quantitatively, therefore the following experiments were carried out : 

(a) One hundred grams of coloured were mixed with known amounts of rice hus.kj 

charcoal, Fuller’s earth and kaolin. The mixtures were lieated off and on for three 
hours at 70°C. with occasional stirring. The fat was then filtered and the colour com- 
pared. The results obtained are given in Table III. 
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Table III 

Effect of different adsorbents on coloured vanaspati 


Amount of adsorb* 

■■ Rice hmk ■ 

cbarcoal 

PuUer’fl 

earth. 

Kaolin 

onts used (per 

Colour after 
treatment (red 
units) 






cent) 

Percentage 

decrease 

Colour after 
treatment 

Percentage 

decrease 

Colour .after 
tr<;a.tment 

Pcu’contags 

d('C!rea,se 

0 . . , 

7-0 


7*0 


' 7*0 


1 . . . 

4’7 

’*32*9 

6*3 1 

’ib*o 

. 6*2. . 

11*4 

2 . , . 

3-5 

50*0 

0-3 ■ I 

21‘4 

0*2 

, 11*4 

S . . . 

2*5 

64*3 

4''6 1 

34*3. 

• 0*0 

14*3 

4 . . . 

2-1 

70*0 

4*4 j 

37*1 

5*9 

16*7 

5 , . . 

1-8 

74*3 

3*8 

46*7 

5*8 

17*1 


1'6 

77-1 

3*5 1 

50*0 

6*7 

. 18'6 

7 . , . 

1-3 

81*4 

3*1 

55*7 

6 '5 

21*4 ^ 

8 . . . 

1*1 

84*3 

3*1 

. 55*7 

6 -5 

21*4 

12 . . , 

0*9 

87*1 

2*9 

; 68*0 

6*2 

. 25*7 


The raianjot coloax is removed fairly easily by diflerent adsor!)ents. Activated charcoal seems 
the cheapest and best adsorbent. Based on this property, a method has been sngf^estcd later for 
detecting the presence of mtanjot even, in a very small quantity. This removal of colour fron,i c-olourcd 
mnaspati by adsorbent.s, it may be argued, is likely to provide a loop-hole to the tra, do. viz., to fir.st 
refine the mnaspati before mixing it with ghee. It is however, felt that the se{>aration of adsorbents 
from the fat may not prove such an easy matter for small merchants. The treatment cannot be 
adopted on such an extensive scale as theoretial results would suggest and yet go undetected. 

Based on the fact that the colour of mnaspati can be removed by adsorbents, some workers 
have suggested that addition of sesame oil to vanaspati would provide a more efi’ective way of detect- 
ing the presence of vanaspati if used as an adulterant with ghee, viz., the ap] dication of a specific 
test ‘Furfurol test/ for sesame oil. Experiments were, therefore, carried out using coioured 
vanaspati containing 5 and 10 per cent sesame oil. These samples were treated with 5 per cent char- 
coal and Euller’s earth. The decrease in the colour intensity of the Fuifiirol reaction and the colour 
of vanaspati was observed as noted in Table IV. 

Table IV 


Percentage of decrease in the intensity of colour when treated with adsorbents 


Amount of sesame oil in coloured 
vanaspati (7 red units) 

Charcoal 

Fuller’s 

Earth 

Purfurol test 

Colour of vanaspati 

Furfurol test 

Colour of vanaspati 

6 per cent 

' 24*4 

69*4 

! 66*7 

58*3 

10 per cent 

! 55*5 j 

86*1 

88*9 . . j 

69*4 


It will be seen that as far as the efiect of adsorbents .is concerned, both colouvud vanaspati and 
vanaspati containing sesame oil, are aImo.st equally affected. This j)oint is very it)i[)(a‘tant but i.s 
overlooked *by those wfro advocate the addition of sesame oil in prefertmcc to colouring vunaspali 
for detecting its presence in ghee as an adulterant. 

'Use of coloured vanaspati to delect adulteration in ghee, 

' Visual Detection. ^ The main object of colouring vanaspati is that if any of it is addc'd to ghee 
its presonce should be evident to the consumer, A colour intensity of seven red units is suggested 
as it is expected to provide a reasonably good safeguard without making vanaspati in any w^ay un- 
W'elcome to tiie consumer. Adopting this colour^standard, it has been possible to detect visually the 
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presence <?j even n ^(>r of coloured vamspali in buiialo ghee am! of 15 ]jer cent hi cow glieo. This 
IS 51 gTouf uiiprovemeiit, over tiie existing routine chemical tests with which it is not ])Ossihlo to fletcct 
V? of adulteration of ghee. This fact is well illustrated hv the results »‘iven 

in Jabie \ m wlneli the data for tlie cheiiiical analyses of adulterated ghee samples, using coloured 
are given uhmg with the results of 

Taiil:k V 

Deled Wit of udvJlemiion of ghee with cofowed vmiaspati 



i 






I (Jiiemical analysiss 

Colour indicator 

i-’erceatage of adulteiiitioii 







R.I. 

at 40°{J. 

Reiclierfe 
. value 

lodiae 

value 

Visual test 

-Liviboad 3’iiito. 
meter reading 

I. Buffalo (fJtee— 

Ooiitrol . , 






41'S 

33-0 

27-7 


B O'l 

3 per ceati 

41-S 

.33-2 

3!i-3 

Suspicious 

Y I'l 

R {)•{» 

10 „ ... 

42-0 




Y 1-1 

3.t'fi 

.31-3 

Ked(-[-) 

R 0-9 

13 


32-3 

33-4 

Ile'l(++) , 

Y 1*1 

R 1-3 

2r> „ 





y i'l 


43'S 

20-3 

37-9 

.Red(q--h + + ) 

E 1-8 

11. Cow i/'he>i — 





Y I'2 

(Joutrol .... 

43-3 

26-1 j 

3<)’7 


R 1*3 

3 per cent 

43’7 

• 24-1 . 

39-G 


Y ii'9 
' B 2*2 

10 .. ... 

44-4 

23*0 

41-7 

Siisx)ioioua , . 

Y 11 -9 

R 2*4 

13 ' „ . : . ■ , 

44-7 

22’0 

42-3 

Red (+) , , . 

Y 1.1'9 

R 2'7 

33 „ ' ' . . ' . 

45-7 

20*3 

48-2 

Bed(++) . 

Y 11*0 

R 3'3 

Y 11*9 


1 he above i^su ts show that the detection of adulteration of ghee v ith coloui-ed vamispali 
IS inucji smiphhetb Ihis is stnlanglybrought out in the case of buffalo ghee ivhieh has a jugli Keichert 
Tintometer quantitative by comparing the colour in Lovibond 

(ii) Deled'uw hy vheorieul mdhxh. The rahmjot dye gives a typical deep blue colour wutli alkalies 
-Oepending on this reaction the following chemical tests have been evolved tor detecting tlie presence 
or coloured eatuiepah where visual detection may fail: 

(a) \Mum the adulteration of ////ee is suspected to he 15 per cent and ahove., i() om. of tiu* 
suspected sample is mixed with 25 ml. of alcohol and boiled. About 2 ml of sfromr 
alkali is added to the mixture. In the presence of raluwjot the alcohol laver assunu” 

a greenish blue, colour. ’ ■' 

{!>) When gheek made from butter coloured with annatto, the abovi' test is not sensitive 
enough and it is necessary to first adsorb the colour (_>n charcoal and then carry out 
the test. Tlie method as finally adopted is as follows : 

To 50 gin. id ghee about 2-5 gni. of adsorbent oharcoal is added. The fat is hcate.d repeatediv 
to (10 while being stirred. After about an hour the mixture is ullowcd to settle 
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wiiea mosl. of t.'lie cliarcoal goes to. the bottom. ' The fy.t hiyer is deeani.ed off. 
The residual charcoal is warmed with 6 ml. of chloroform ami littered. The filtrate 
is collected in a white porcelain dish. The extraction is repeated two more time. 
The total filtrate is now freed from solvents on a water hath and a strong jopoMms 
solution <.>f alkali is added. The residue in the dish assume.s a, greenish blue tint, 
iu the ])reseucc of miaiijot. Ghee pre])ared from cow’s milk or from a.ri.ifieially 
e,(>loured butter does not show any (diange on the addition of alkali when subjected 
to similar treatment. By this test it is possible to d,ete-ct- tlu', })re,s«ni<'e of ('ven o 
])e.i? cent of added coloured vnnanjiati. 

Toxicity of mkmjol yye. This has ))een systematically tested in ex})eriments with I'uf s and 
guinea pigs, it is found to be coinjdetely harmless. Even on lieating to the frying temjU'ratio'c 
it does not ucpuii’e any toxic (dfects. 

SUMMAEY 

To safeguard trade in gfumiiie ghee it is considered desirable that all rmtaiipidi should b<‘. coloured. 
The* colour slundd he attractive, very distinct from that of natural yhec, jion-toxic, fairly stahle to 
heat and light and should not impart any foreign taste and odour to vanmpali. 

The use of nitcuijot for tliis i>ur])ose is sugg(?ste(]. Tlu* intensity of colour recommended is seven 
red imits. 

As vatHiapati is solely iisetl as cooking medium its colouring is not likely to harm the legitimate*, 
interests of the aum.sjxdi trade in any W'ay. 

Food cooked in mnaspaii so coloured does not ac(juirc any extraneous flavour, taste or coloin*. 

Vamtspidi coloured with ndohjot is found to preserve its colour at atmospheric t('m{)ej‘ature ami. 
in diffuse light such as are likely to be encoiintererf under conditions during its storages and marketing. 

Coloured mmspafi does not suffer in any way in its keeping quality. 

While there are other tests such as the addition of sesame oil to r(nia,sp<di which cun help to 
detect adulteration, colouring rmiaspad provides the most direct and the sinq)lest solution. 
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COMPONBOT OP PATIT ACIDS OP BOTTERPATS, HyDEOGEWTliD 
GROUNDNUT OILS AND MUSTARD OIL 

By V. K. Bualbbao, U. Venkatai-piah, ahu C. P. Anahtakbmhnas, .rmiwti,,) Dairy Jicscarcii 
n Institute, Bimgaloro 

(Received for publication on 4 November 1946) 

iiiTOstigations W bpm reported on the detailed njudysifi of the cow balterfut, 
“ , Nbiit notrinioh information is available about the oomiionent acids of butterfata of Indian cow 

' looted 1 fi?' and Hilditeh [1931] have studied the component acids of 

buffalo butterlat, but they have not taken into consideration the presence of lower unsaturated acids 
*" fate hyBowsworth and Brown [1933] and subsequently oonfcined by 

rwfll ‘in V f “J' Hilditch and Iiongeneoter [1938] and otLra. Dhingra 

[l.)33] in his studies on the milk fats of Indian goat and sheep, has also omitted to estimate the lower 
unsaturated acids Apart from these, no data has been published of the detailed composition of the 
component fatty aCicls of the buttorfat. During some recent studies on the nutritive value of various 

, - ■ -fr — -Kss 

Experimental 

Samples ofgenuineoowpliecfrom different breeds namely Kaugayam,Sindhi Onvole Gir Sahiwol 

Hariana Kangraj and Tharparfcar were collected from different pW«duc^ c?2;, Tn 

Ud Saimn7::nd“(KXlX“^^^ 

two gioups of higher adds (solid and Uquid) reiterrd »d 

.^as percentages of fatty acids and molar percentages to Tabled. “'1 expressed 

it..: m 
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Fats 


Table I 

Andytical Oomiants of Fats used for detailed Andyds 


Sample 

Melting 

point 

B. B. 
Reading 
at 40°C. 

Sap. 

Valu« 

Reichert 

Value 

Folenske 

Value 

Kirschner 

Value 

Iodine 

Value 

Cow bntterfat 

Buffalo bsitterfat . 

Coat hutterfttt . • * 

Sixeop butterfat . . _ . 

Hydrogenated groundnut oil , 
Ditto 

Ditto 

Mustard oil . 

36*6 

36- 3 
34'3 
35*4: 
34-1 

37- 0 
39-0 

43-6 

42-3 

40- 7 

41- 9 
64-6 
32-9 
51*7 
60*2 

220-6 

222-4 

231- 1 1 

232- 7 
199-0 
198-2 
197-4 
178-4 

25-70 

29-60 

25-30 

27-30 

0-00 

0-00 

0-00 

0-00 

1^14 

1-30 

5'46 

3-90 

0-00 

0-00 

0-00 

0-16 

26-10 

22-60 

20-00 

20-30 

38-6 

33-0 

27-2 

29-7 

78-7 

73-6 

• 89-8 

99-2 


Table II 


Comp oiwnt fatly adds ofhutterfats 


Sftttiiated 

a 

0, 


Percentage as methyl esters 


Unsaturated 

g» 

I 

Oleio 

Linoleio 





Acids 

Lower 

Solid 

Liquid 

Total 

Lower 

Solid 

Liquid 

Total 



1 

(a) Cow Butterfat 



(&) Buffalo By, 

krfat 


4-67 



4-67 

3-87 



3-87 


0-46 



0-46 

1-30 



1-30 


1-33 



1-33 

11-78 



1-78 


2-10 



2-10 

0-67 



0-67 


2*71 



2-71 

2-40 



2-40 


2-86 

1-26 

3-98 

8-08 

7-03 

0-62 

2*66 

10-80 


0-16 

21-54 

2*47 

24-17 

2-16 

37-86 

1-49 

31-49 



16-37 

1-04 

16-41 


9*32 

0-37 

9-69 



1-04 


1-04 


0-97 


0-97 

Total 

14-30 

39-20 

7-49 

60-99 

19*80 

38*66 

4-61 

62-97 



(o) Goto 

Butter/at 



{b)B 

uffalo Bu 

Uerfat 


0-29 



0-29 

0-22 



0-22 


0-27 



0-27 

0-19 



0-19 


0-33 


’"0-69 

0-92 

0-69 



0-69" 




2-68 

2-68 

0-31 


2-99 

3-30 



‘ ’2‘40 

28*43 

30-83 


1-83 

28-86 

30*69 




2‘97 

2-97 



0-73 

0-73 




1*16 

M6 



1-29 

1-29 

Total 

0-89 

2-40 

36-73 

39-02 

1-31 

1*83 

83-87 

37*01 


i 


1 
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Table 

Component fatty acids of buiterfats 


Percentage as iiaetliyl esters 


Acids 

~~ — ^ 









Lower 

Solid 

laqnkl 

Total 

Lower 

Solid 

laqtiid 

Total 



“I 1 

(e) Goat Buitertat 


' 1 
(<j!) Sheep Butterfat 

Saturated 









■ . . . 

4-13 



4-13 

' 4-21 



4-21 

0, ... . 

0-27 



0-27 

0-39 



om'' 

" 'Gg . . • 

3-42 



3-42 

3-72 



3-72 

Cjo . 

8-72 



8-72 

7-61 



7-61 

Oto '4 • • * • 

4-40 


0-14 

4-54 

3-95 



3-96 

Ci4 ! 1 ; 

3-43 

2-69 

3*66 

9-78 

4-43 

4-20 

4-0 

12-63 


0-96 

25-92 

1-56 

28-44 

0-66 

25-86 

1*71 

28-23 

Ojg ! . ! . 


10-42 

0-86 

11-28 


7-38 

0-81 

8-19 

Cjo . . ■ . . ■. • 


1-28 


1-28 


0-52 


0-62 

Total 

25-33 

40-31 

6-22 

71-86 

24-97 

37-96 

6 -r >2 

69-46 

Unsatnrated 









Gio . , . . 

0-13 



0-13 

0-31 



0-31 

C'l, 

l>28 



0-28 

0-20 



0-20 

Ci; ..... 

0-16 


' 0-67 

0-83 

0-20 


0-39 

0-59 

Cie 

0-05 


1-88 

1-93 

0-10 


2-96 

3-05 

Oleic . . ... 


’ '2-0o 

20-71 

22-76 


2*15 

21-67 

23-82 

Linokic . . . . 



0-91 

0-91 



1-74 

1-74 

C5o-0„ . 



1-14 

1-14 



0-84 

0-84 

N.V ....... . , ■ 



0-16 

0-16 


j, 



Total 

0-62 

2-05 

26-47 

28-14 

0-81 

2-15 

27-69 

80-65 


Co7nponenl qf faliy acids of Hydrogenated Gromrdmd (. 



Acids 



Solid 

Percentage as methyl esters 
Liquid | Total 

Saturated 





1 

Melting point 

~34‘rc. 





7-87 

1-18 

9-06 

c„ . 




6-11 


6-11 

Cso . 




2-30 


2-30 





2-88 


2-88 

■ o| . ' ■ . 




1-28 


1-28 




Total 

20-44 

1-18 

21-62 

Unsaturated 







■ Oleic 




6-25 

58-04 

64-29 

Linoieio 





9-97 

9-97 






3-36 

3-36 

N.S. . . 





0-78 

0-76 




Total 

6-26 

72-13 

78-38 


Melting point-~37‘0°C. 
1‘18 I S* 


Total 


24-33 


ISO Components of Fatty Acids of B-uUcr 

Fats 


Table III — confd. 



Gow'ponent of fully acids of Hydroymaied Gnm 

ndwfU Oik 




I’ci'i ruiiii.',:*! a; 

ic.et'Jiy! oston; 

Acids 

Solid 

Lifinid inellinf.’; 



— 

}iaiut 




Mclfiixj '/j 

oi'lll — ,jd-l '(.1, 

XTnsatiiiatied 




:0:lei{5 .. . . , . . . . . . . 

S-iJO 

52*71 

61*21 

Linoleie . - . ... . . . 


8*. 67 

8*57 

Cao'Gaa . . . . . . . * 

. . • 

3*97 

3*97 

N, S 


0*74 

0*74 

Total 

8'60 

05*99 

74*49 



3[dHng pohii — 39'0%K 

Saiuratecl 





5*01 

4*04 

9*05 

Gig , . . . 

12*52 


12*62 

Cao 

2*64 


2*64 


3'4(i 


3*46 

Cm . . 

1*30 


1*30 

Total 

24*83 

4*04 

28*87 

Unsatmted 




Oleio . 

14*79 

46*02 

69*81 

Linoleie . . 


6*40 

6*40 

Cao-Ca . . 


4*02 

4*02 

N.S, , , , , . . . ... 


0*90 

0*90 

Total 

14*79 

56*38 

71*13 

Table IV 



Cmnponcnt of fatty acid. 

of mmtafd 

)U 




Percontago 

,a luoiliy) esters 

Acids 

Solid 





Liquid 

Tota 

Saturated 




Ci* . .. . . . . . . . . 

O'lra 

0*65 

1*2S 





C]g . . . . . 




Cjo . . . . . . ... . 




0„ . . ... . . . . . 

1*03 

0*02 

1*06 

c« . . . . . . ... . . 


0*90 

0*90 

Total 

1*06 

1*63 

3*29 

Uns&tnrated 




Oleic . . . 

5*39 

21*61 

20*90 

Linoieio . ... . , . . . 


10*42 

10 *42 

Linoleaic . . . , , , . 


1*88 

1*88 

Eureic . . . , 

'6*11 

40*40 

51*51 

Total . 

10*60 

80*21 

90*71 



Percentage by weiglit ard molm' percentage of tJie cotiiponent acids of milk fats, hydrogemied groundnut oil, and m ustard oil 




m 


Components of Fatty A(M$ of Butter Fats 

Discussion' 

From tFe analytical data in Table I it will be seen tha.t goat and sheep ])iitterfats iiave almo,st 
similar oharacteriatics to those of cow and buffalo butterfats. Goat and sheep hutterfats have a high 
Polenske value and low iodine value. In the case of groundnut vanaspatis with a higher degree of 
hydrogenation as indicated by the melting point, there is a gradual decrease in the B. j.l. index and 
iodine value. The mustard oil is characterised from the other fats by a very higli iodine value, 
and low saponification value, indicating the presence of glycerides of high molecular weight fetty 
\aoids.. 

The amount of butyric acid in cow butterfat as seen in Tables II and V is higher than in other 
butterfats in which the molar percentage of this acid is almost equal. The values for Cg -Cio acids 
in goat and sheep ghee confirm the high Polenske value already described in Table I. The data given 
by Dhingia [1937] and Hilditch and Jasperson [1944] are in agreement with present results. The 
percentage of lauric acid is also higher in the butterfats of goat and sheep. With regard to percentage 
of stearic acid, it is seen that the proportions in buffalo, goat and sheep butterfats are almost similar, 
while cow butterfat is richer by about 6*0 per cent in stearic acid content. The sum of myristo-palmi- 
to-stearic group acids is, however, constant in all the butterfats. The total of all the acids up to 
is higher in case of goat (31*5 per cent, and sheep 32*9 per cent) railkfats as compared to cow (20*3 
per cent) and buffalo (21*2 per cent) milkfats. this is mainly caused by the high amount of caprie 
and lauric acids in goat and sheep butterfats. Arachidic acid is almost similar in all the fats. 

The percentage of the lower unsaturated acids Cjo-Cjg in the butterfats is confirmed in the present 
study [cf. also Acharya and Banerjee, 1946]. It is found that they arc distributed in almost 
the same proportion in all the butterfats. The percentage of oleic acid is similar in cow and buffalo 
butterfats, while in goat and sheep ])utterfats, the proportion is foimd to be much less as will be seen 
from Table V. This is in close agreement with the iodine values of the samples. There are marked 
variations in linoleic acid content of different butterlats. However, Hilditch has sliown that the 
amount of this acid in butterfat varies with the diet of the animals as it increases if the animals are 
given plenty of green grass. It is found from the data that unsaturated acids higher than are 
also present. . No attempt was made to examine this fraction in detail and they have been grouped as 
C 20 -C 22 uusaturated acids. The proportions of this fraction in different butterfats were found to 
be almost similar. 

Our results for palmitic and stearic acids in buffalo ghee agree closely with those of Acharya and 
Banerjee [1946], The amount of oleic acid in the sample analysed here is much higher (26*3 per cent 
molar) than the value (17 per cent molar) shown by the above workers. These workers, however, 
have not given detailed results and as sneh no strict comparison can be made. 

Our results for the major component acids of goat and sheep butterfats agree with those of Dhingra 
[1933], It is also found (Table V) that the proportions of different acids in sheep butterfats are 
almost similar to those of goat butterfat. 

The results of the analysis of hydrogenated groundnut oils of m.p. 34*1°C., 37-0‘^C. and 39*0®C. 
are represented in Table III, It is seen from those results that as the melting point increases from 
34’1°C. to 39'0°0., there is a gradual increase in the content of stearic acid from 6*2 to 12*6 per cent. 
Hydrogenation, however, does not seem to affect palmitic acid, arachidic, behenic, and lignoceric 
^cid contents. Obviously the total amount of saturated acids progressively increases with the rise in 
melting point. The percentages of oleic and linoleic acids on the other hand, gradually decrease. 
The net result of hydrogenation is the conversion of unsaturated acids to saturated acids. 

The results of the composition of Indian mustard oil are presented in Table IV. The results 
closely agree with those reported by Sudborougb et al [1926]. Mustard oil differs from common edible 
oils in that it contains a very high proportion of eureio acid (51*0 per cent). The oleic and linoleic 
acids are present to the extent of 29*8 per cent and 18*2 per cent respectively. Thus the total un- 
satuiated acids in the mustard oil are 96*4 per cent, the remaining being made up of small quantities 
of myristic, behenic atid lignoceric acids. 
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SXTMMABY 

(1) Detailed analysis of fatty acids of cow, buifalo, goat and sheep bntterfats, hydrogenated 
groundnut oils of melting point 34‘1°0., 37'0°C., and 39*0°C. and mustard oil have been carried out. 

(2) The cow and buffalo bntterfats are found to be similar in composition and differ from goat 
and sheep butterfats, in that the latter contain more of caprylic, capric, and lauri(j acids and less of 
oelic acid. The presence of unsaturated acids lower than in the butterfats of buffalo, goat and 
sheep have also been confirmed. 

(3) In case of hydrogenated samples of groundnut oil, with the iiicrea.se in the melting point 
there was a gradual lowering in the content of oleic and linoleic acid,s and a corresponding increa.se 
in stearic acid. 

(4) The chief component fatty acids of mustard oil are found to be eureicacid (51 *0 per cent), 
oleic acid (29*8 per cent) and linoleic acid {18-2 per cent). 
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VITAMIN C CONTENT OF THE MILK OF SOME IMPOETANT BREEDS OF 

INDIAN CATTLE 

By Kerala Tarma and T. M. Paul, Indian Dairy Research Insiitiite. Bangalore 
(Received for publication on 27 Septembar 

A CONSIDERABLE iiinount of woi'k liiis been tloiie abroad to study tlie vitamin C cont<‘nt of iiiilk 
and the inlinence of various factors like feed, season of the year, etc., on it. Riddel c/ al [1935] 
observed that the vitamin C content of milk was not subject to change.s in the diet of the cow. 
Whitnah and Riddel [1937] studied the various factors affecting the vitamin 0 content ol‘ milk. 
They noticed that it was low in the early stages of the lactation ; also that there was a rise from 
October to December, a fall from December to February and again a rise in February to March, but 
they ef)nld not correlate this fluctuation with any change in feed or any other factor and hence thev 
thought it merely accidental. Holmes ei al [1940] observed an increase in the first month, although 
the increase was not of much practical significance. Bartlet ei. al [1938] however found that the 
vitamin 0 level was very variable but was highest in the milk of cows fed on sprouted maize. Holmes 
ef al [1941] have also recorded certain fluctuations which they correlated with advance in pregnancy. 
Here again, they found some difference from breed to breed, and there was a gradual fall in the 
vitamin content as pregnancy and lactation advanced. Karl Guggenheim [1940] observed a peak 
in the hrst half of the year, reaching the maximum in June- July which had no relation with feed. 
Thus the general conclusion is that feed has little effect on the vitamin C content, while breed, stage 
of lactation, etc., have some effect. 

In India comparatively little work has been done on the vitamin C content of milk. The few 
investigations that have been made give- the impression that the milk of Indian cows and buffaloes 
is rather poor in vitamin C content as compared to the milk of the European breeds. Ghosh and 
Guha [1935] have reported the vitamin C content of cows milk as ()-007 mg/ml Chakravarthy [1935] 
has also recorded the same figures while Ranganathan [1936] got a still lower value of 0*004 mg/ml 
Ray et al [1941] found the average vitamin C content of milk to be 0*0194 mg, per ml. with a maximum 
of 0*0223 and minimum of 0*0133 mg. per ml. Even this is lower than the figures reported for the 
milk of 'European breeds. Kothavala and Gill [1943] alone report the vitamin C content of the 
milk of Indian cattle to be comparable to those recorded by western workers. Such great difference 
in the values for vitamin C content of milk might possibly be due to the difference in the method of 
collection of the samples, part of the vitamin C being destroyed in cases where the milk has been 
exposed to light or metal surfaces. However, no conclusive data are available regarding the vitamin 
0 content of the milk of the different breeds of Indian Cattle, or the extent of variations in the vitamin 
C content of their milk due to breed, sea.son of the year and stage of lactation and hence the present 
work was undertaken. 

Experimental 

Five animals were selected from each of the following breeds maintained at this Institute farm : 
Sindhi, Gir, Tharparkar, cross-bred cows and Murrali buffaloes. The animals were of almost the 
same age and w*ere in the first or second week of the particular lactation. The usual concentrate 
ration of the institute herd consisting of a mixture of wheat bran, gram, gram husk and ground- 
nut cake, mixed in the proportion of 4*0 : 1*5 : 2*0 : 2*6, was fed to the animals at the rate of 1 lb. for 
every two pounds of milk yielded by the animal with a minimum of 3 lb. The roughage fed consisted 
of 55 lb. green grass (mixture of Guinea and Napier grasses) and 3 lb, of ragi straw for cows and 70 lb. 
of the s.'ime mixture of grasses and 3 lb. of ragi straw for buffaloes. Individual milk samples were 
collecJied in the morning in glass bottle coated outside with a thick layer of Japan black so that there 
was no cliance of any action of light on the vitamin C content of the samples. Immediately the 
samples were analysed for their vitamin C content by the method of Bessey and King [1933], To 
20 m’l. of milk, 6 ml. of 20 per cent trichloracetic acid were added ; the mixture w'as then shaken well 
and filtered. Five millilitres of the clear filtrate was titrated against a standard solution of 2 : 6 
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dichlorophonol in(lo])}i(‘uol and vitamin C expresHod as mg. of ascorbic^ .'uii<l p<>r milk. ]*k'om 

a few preliminary trials it was found that fresh milk collected in dark bot4.l('s contained only a, vciy 
negligible amount of reversibly oxidised ascorbic, ac.id. The same observa.tion was nnwlc by Ray 
€t al [1941]. Hence only the reduced ascorbic acid was estimated in tin* ('xjx.'riinentid saniphxs. 'i'lie 
estimation of the vitamin was carried out every wt'.ek for alnjut 12 months when most ol,^ the aaiiinals 
went (by. The average vitamin 0 content of tlu' milk of <’ach hived lor eac.h inonlh is (‘alculated 
and presented in Table L 

Table 1 


Average vila/mn C contetU in mg. jtier Hire of the milk of different breeds 


Muutli 

.Sindhi 

Oir 

'rharparkar 

Oross-brefl 

Murrah 

Herd averages 
for the nnmth 
(Cow a lid 
buffa lo) 

Novernber .... 

18-1 

is-o 

19-1 

21-1 

134 

16*2 

Dewmber .... 

:i3*l 

19-5 

19-2 

2M 

21-2 

HbH 

January .. . 


22-H 

20-1 

20-1 

28-r) 

22-9 

t'ebruary . . . 

2rMi 

23-0 

2 Ml 

20*8 

27-7 

22'2 

March . . . . 

21-8 

20-8 

19“7 

2t)-8 

27'7 

22'2 

April 

22* J 

20-4 

19-4 

17’S ' 

27-0 ■ 

21 ‘3 

May . ... 

1 21-4. 

IIM) 

. 18-5 ! 

. 19'() 

24*0 

20-3 

June 

2()-0 

19-4 

20*1) 

1.74 

24'.'; 

20-3 

Jxdy 

20'S 

211 ! 

200 

20-7 

2()-3 

23-(} 

August 

28-4 

24-<} 

19-6 

20-2 

2i1-2 

23*2 

September .... 

aibo 

2a'6 


22-9 


26*2 

October ... 


2C-4 


23-2 


24-8 ' 

Average for the lactation exclud- 
ing the lirsfc month 

,■ ..24-2 ■ 

22-1 

108 ,, 

20-4 

2ri4) 

22-0 


k Discussi<.)n 

It was noticed that in the oas<' of all except cross-bred cows, the average vitamin 0 content of 
ynilk in the first month of lactation was slightly lower than the average value for each of the other 
tnonths. These figures were also lower than the breed average or the herd average for tin* whole 
lactation. This is an agreement with the findings of Whitnah and Hiddel [1937]. 

After the first month of the lactation, there was a gradual increase in tln^ vitamin C (amteut 
of the milk of all except cross-bred cows. This increase continued till the fourth montli and there- 
after the values began to decline till the end of the eighth month when an increase was observed 
which was kept up till the end of lactation. In the case of the cross-bred cows, from the very first 
month, the values for vitamin C declined gradually till the eighth month when an upward trend 
occurred and this was maintained till the end of tlie lactation. , 

The fluctuations observed in the vitamin C content of milk cannot lie attrilmti'd to feed, since, 
-the animals were receiving more-or-lcss the same feed throughout the experiment. ()i‘ the oi.lier 
•Jactors that might influence the vitamin 0. ccjiitent one is the season. In the piestmfc investigation 
;two peak levels were observed, one in, February and a still greater one in Septcmbei’, but in vmw of 
the more or less uniform climate of Bangalore, it may be reasonable to attribute these changes in 

vitamin C content of milk to lactational changes only i y 

It. will be observed that breed variations in tjie vitgnLin C content of milk .arc quite niarktMl. 
.The average vitamin C content of the milk of the different breeds of Indian catti(‘ as observed in the 
.^yesent investigation. compares very fayograb.ly with the figures reported liy foreigiy workers for the 
[inilk of E.uropean breeds, . 

. Individual variations are observed in the vitamin G content of milk. • Ip tjie .egse ifi' the milk' of 
Sindhi cows figures ranging from 21-9 mg. to 48;.8 mg. of ascorbic acid per iitre. have been obs(n‘V(>d, 
but generally the range is much smaller. In the case of the other breeds also more or h'ss tln^ same 
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clegi‘ee of variation was observed in the vitamin 0 content of miiic, but in tlio case of cross-bred ami 
Tharparkar cf>Avs the \-aliies for vitamin 0 fluctuated within narrow limits. 


Summary 

(1) The vitamin C content of the milk from Sindhi, Gir, Tharparkar and cross-bred cows and 
Murrah buffaloes liave ])een studied for one complete lactation. 

(2) The average values obtained for the milli: of the Indian cattle compare very favoiirahiy 
with the figures reported for European breeds. 

(3) The vitamin C content of the milk was low in all the breeds in the first month of lactation : 
peaks were observed the fourth month and towards the end of lactation. 
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12^¥1STIGATI0MS OH famine: AS A PROTEIN SOB- 

STITUTE FOR CATTLE 

By N. D. Kehar and K. Chanda, Animal Nutrition Section, Imperial Veterinary Research Institute,, 

Izatnagar 

(KeeeiTed for publication ou 4 November Ift-ld) 

E visry attempt at increasing the productive capacity of livestock in India, is stifled Ijy the qiian* 
titati\T* shortage and qualitative deficiency of animal feed. According to a recent estimate the 
available concentrates are sufficient only for 29*1 per cent, of the adult cattle population. This 
does not take into account the requirement of goats, sheep, eqiiines and the poultry, nor even the 
growtli and productive rec[uirements of boviiies. Efforts have been made to meet this r[nantitative 
shortage by exploiting hitherto unutilized sources of food. The observations reported in this article 
relate to the use of entrails as a source of protein for cattle. 

Although by-products of vslaughter houses, like tankage, blood meal and fish meal, have been 
used for feeding swine, poultry and cattle, we have not come across any reference from the available 
literature where entrails have been used as a part or total substitute of protein in the ration of cattle. 
As observed by us in most of the small and average sized slaughter houses- in this country entrails 
are regarded as waste material : 

Experimental 

The entrails of healthy animals consisting of the entire gastro-intestinal tracts of buffaloes, cows 
and bullocks were collected, washed of their content.s and salted. Tlie material was then heated in 
an autoclave for six hours betw'een 115-120°C. at 15 lb. pressure. It was minced and dried for 24 
hours in an electric oven at 80®C., cooled and then crushed to the size of a pulse grain and stored, . 

The chemical composition (on dry matter basis) of the entrails along with that of other .slaughter 
house by-products is given in Table I for comparison. 


Table I 

Chemical com.'position of entmils and other skmghter house bg-prodncts 


Material 

Crude 

protien 

1 Ether 

extract 

Fibre j 

Nitrogen- 
free extract 

Total 

a.sh 

On 

■ 

, P 

Entrails 

76- m 

13*78 

1*03 , 

1-49 

7*.57 

0-102 

0-396 

Tankage or meat meal (bast 

C6‘3U 

9*53 

1*30 

1*03 

20-82 

0-74 ' 

3-71 

grade) 

Blood meal .... 

90-12 

1*32 

1*43 

2-90 

4-17 

0-362 

0-283 

Fish meal ( best grade) . 

72-10 

7*33 

1 

0-70 

3*90 

13-89 

4-3S 

;ku 


In feeding this material to cattle it was found that unless the animals were verv' hungry the v' 
were not attracted by it. Entrails were then mixed with the oil cake and grain mixture in the ratio 
of 1 to 5 and gradually the quaiitity of entrails was iucreased. In this \s'ay the entire conceiitrate.s 
were replaced by entrails in about a month’s time. The material was then fed to the experimental 
aniniais as a sole source of digestible protein for 10 waeks. The experimental ration consisted or 
40 gm. of dry entrails and 2 lb. of wheat straw per 100 lb. body weight. The effect of feeding entrails 
on live-weight j.s given in Talde IL It will be observed that the ad air animals maintained tlieir 
weight as if they were on the Institute sclieduled ration. 
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I nvestigations on Famine Rations 
Tablk II 


The effect of feeding entrails on lim-iveight 


..Daf.e' ■ , 

Aiiihuil 

No. 61 

Animal 
No. m 

.'\ninial 

NU..334 

HeimirkN 

8th tSeptember 11144 . 

245 

318 

224 ; 

30 {i:m. of cul.raile and 





150 gm. of gro?mdniit: cake 

'lath iSeptember 1U44 .... 

240 

312 

220 ; 

.50 gm. of entrails and 




hr 

100 gm. of groimdmit eake 

22nd September 1944 . . . , . 

236 

290 

218 ! 

75 gm, of entrails and 




t 


29th September 1944 .... 

236 

294 

220 

Entrails only 

6th October 1944 ..... 

. 238 ! 

290 

210 


18th October 1944 

244 ' i 

290 

224 


20th October 1944 , 

240 

308 

228 


27th Octobej- 1944 ..... 

250 

308 

224 


8rd November 1944 

248 

304 

220 


10th November 1944 .... 

244 

318 

224 

** 

nth November 1944 .... 

240 

318 

224 


19th November 1944 .... 

244 

312 

224* 


29t;b November 1944 .... 

248 

316 

222* 


6th Dcceinbcf 1944 ..... 

248 

316 

226 



* Metabolic experimental period. 


A metabolism experiment was tiouducted clririiig tlie latter })ai*t of tlie period of observations on 
three Kumaoni Imllooks by the jirocedrire detailed in ;in earlier puhlication [Keliar, 1944 ], The 
digestibility coefficients of the whole ration and of entr.'iils only are given in Taldes III and IV res- 
peetively. In Table V is set out Nitrogen, Oalciinn and Pliosjiliorns balances. 

Table III 


Digestibility coefficients of (chole ration {entrails and wheat straw) 


Animal 
: 'Ko.- 

J')ry 

matter 

tlrganic 

matter 

eVude 

protein 

Ether 

extract, 

Fibre 

Nitrogeu- 
fre.e cxt.ract 

Total carbo- 
hydi'ale.s 

61 

51-7 1 

■ 54-7 

47-2 

57-3 

61-3 

48-9 


193 

51-8 

.54-8 

I 45-8 

1 56-2 1 

61-2 

49'3 

55-4 

334 

59-1 

Ol'O 

48*5 

58-9 i 

08-0 

55-8 

62-0 

Mean 

54'2 

56*8 

47-2 

.7.. I 

<>3-5 

51-3 

57-3 


Table IV 

Digestibility coefficients of entrails 




N. I). Eehae ahd E.’ Chahda 
Table V - 


y iirogen, mlcium and phosphorus Imldnces 


Aiijmsii Xo. 

in take iVom 
entrails 
! Cffm.) 

intake from 
wheat straw 
(gin.) 

Total 

intake 

(gm.) 

Faeeal 
excretion 
(gni.) ! 

Frinat-y 

excretion 

(gin.) 

Total 

excretion 

(,gni.) 

Balance 

(gni.) 




m 

rogeu 




U 

11-94 

8-ir> 

\ 20-09 

< 10-60 

3*58 

14-IS 

[ 4*5-91 

193 

ir>*19 

10-8S 

1 26-97 

1 14-12 

6*48 

20-60 

I +5*47 

:m 

11-94 

7-74 

! 19-68 

! io-ir> 1 

4-76 , 

14-91 

-f4*77 




Oak 

imn 




ti.l: 

(1-19 

5-04 

5-20 . 

■4-82 i 

1*01 1 

.5-83 

—0-63 

193 

0-20 

6-73 

6-93 

6-08 i 

1*34 

7*42 , 

-0-49 

334 

0-16 

4-79 

4-9,-) 

3-94 1 

M8 

5-12 

—0*17 




PJiosp 

fiorus 




(ii 

0-39 

2-24 

2-63 

1-86 

0-01 

1-87 

+0-76 

193 

0-49 

2-99 

3-48 

2-02 

0-02 

2-04 

+ 1-44 

334 

0-39 

2-13 

2-52 

1-42 

0-01 

i*13 

■I-M9 


It will be observed from Table V that nitrogen and pliosphoriis are in positive, balance. The 
calcium balance is slightly on the negative side. If, however, we take into account the calcium intake, 
of the drinking water (about 10 litres per day with a calcium content of -05 gm. per litre), tlie small 
negative balance is approximately made up. 

The biological value, total digestible nutrients and starch equivalent of eiitrails (per 100 lb. dry 
material) as compared to other concentrates are given in Table VI. 

Table VI 


The hiolofjical mlue^ total digestible nutrients and starch eijuwahmt of entrails as eonipared to other 

concentrates 



Digestible 

Sta,reh 

Total 

I; 

Material 

protein 

equivalent 

digestible 
nutrients | 

Biological 

value 


(lb.) 

(lb.) 

(lb.) ; 


Entrails . , . . . . , . . .. 

60*4 

88-7 

90*2 

87-0 : 

Tankage or meat meal (best gra<le) ... 

61*2 

83-2 

84-6 


Blood meal . . . 

77*5 

81-8 

83-2 

79*0 

•Fish meal (best grade) . . , . . . . 

57-5 

■ . 72-0 . . 

77*1. 

70*0 


If, as given in Table VI, the digestible nutrients of entrails are compared with those of other 
products of animal origin, it will be observed that its digestible protein is superior to the best grade 
fish meal and equivalent to the best grade meat meal. In providing starch equivalent and total 
digestible nutrients, it is superior to meat meal, blood meal and fish meal of the best grades. Its 
biological value is superior to Ifiood meal and fish meal ofthe best grade. 

Approximate amount of entrails available 

It has been found that the dry material obtained the entrails of an average sized eatth 
amounts to about 2 lb., and from that of a sheep or a goat about 0*4 Ib. It has also been estimated 
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Investigations on Fmnme Rations 


1 • niillk)!! 'coiJTitls of tilt* dry niutt'i'itd cuii lif' olduiDi-d fion? 

that ‘'3tfrom ’tic'cp Lu amuially. In addition l'>2 million fallen l.i.loa 

cattle and lo-l nullioii J consider that 5d ]ier cent, ef theH(' animals were 

are obtained from d(*ad P mmion pounds of the material from the dead animals. The 

disease ftco, we can gat anotWx Id ^ atonal can he fed to 142-2 million an.mala 

total yi^^’y total digeetible protein aupplement for jnamt(mance. expressed 

t'houLd „,nima.a can i,e provided wd.h a ,.,eh source 

of protein all the year rmmd. 

, Summary: 

Investigations have been carried out to find the possibility of feedbg entrails as a total protem 
anbastitnte for livestock. -nid fnt have been fed to Kiiimioni buiiocks as a sole 

maintained ^satisfactory health and live ^ extract (78-:". and 90*1, respectively) and 

warrant its value as a f the healthy dead animals is utilized, the digestible 

, I" “>■' " nv— I, e™ 

Lndml thousand adult cattle for the whole year. 


eefbrbnoes 


KehAU N,I>. (1944). 
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PBOTECTIVE INOCULATION WITH DBY PIGEON-POX AND SHEEP AND 
(30AT~r0X VACCINE 

f>y D. A. ]\IuxRO, Impc'rial Ycteriiiarv Ke.seareh Institute, Dafcnagar 
(Received for publication on 6 December 1946) 

|N vi(;\v of the \icn esteldiKhcrl effiency ot'dry pigeon-pox vaocitie for protec.ting fowls against 
I fowl-pox, it wnh eonsideictl < It -si fid do to test tbe effectiveness of tliis method against sirnilar 
infections of sheep njid goats. TIic. observations wliieli follow throw light on tlic method of producing 
immunity with the use of a dry vaocineon both sheep and goats, as well as on fowls and pigeons. 
Amongst the most piominent methoils of protective inoculation against variola infections, the one 
whir-h has been found most suitable-, and is now almost universally practised for the control of goat 
and sheep-pox, is the use of a sensitised va<;cino as recommended by Bridre and Boqiiet [1913], The 
{‘onception of this imd hod of pvojjh} lactic treatment owed its origin to Bescedka’s classical findings 
in the field of s- insil is{;d vaixanes. These authors [1933] have since published statistical returns to 
show that nearly 25 million doses of the vaccine have been issued from the Pasteur Institute, Algeria, 
for use in various coimtiics during the twenty years following its introduction and the results have 
been consistent] / satisfactory not only in so far us judged by the protection conferred on vaccinated 
slice]), hut also ’sy 1 he degree of safety- vrith -.vinoli tlic latter could !)e allowed to come in contact with 
untreated aniinels. 

In India, iswanathan j 1939] in ;Via.dras, reports his success in controlling an outbreak of sheep- 
pox by inoculedng 2,388 sheep with ^ sensitised vaccine. The results obtained by him in goats, 
ho\V('ver, do m;: appear to liave be m satisfactory, for lie writes ; ‘ Out of 510 goats ovinatecl two 

died with symptoms of goat-pox. t.’-'- devefoped severe generalized ren.etion and recovered and in the 
rest severe local reaction was present- 

('hfldha I li 9], in tJ e Xoith-W t u j’l’ontior i^o. nut , teftcfi the value of this metliud of vacema- 
tioii on 77 sheep and found inflamm.-’tory reaction on the fifiti <hiy, with an elevation of body tempera- 
tun* 10o°-107‘^F. In nn-ny cases (isc sun-llijigs r<‘aciied tlic size of walnuts. The animals, however, 
eventually rctn-ned to nornial heilvh. While the introduction of the .sensitised vaccine must be 
regarded as liaifoig registered a definite advance over the old method of ‘ ovination a number of 
workers have rererred to ceidain disad\'antages of this method. Thus, Kolyali and Mamddis [1934] 
in Turkey, refei to the high cost oJ' prepanition of this vaccine and to' the insufficiency of measures 
for its despatch, without loss of potem-y, to various parts of the country. Aiigeloff [1934] points 
out that the sen.-utised vaccine cannot be couseiwed a,nd that, in spite of painstaking aseptic precau- 
tions in its pr(o.(io;ation. there is a possii)L’lity of coattiininating organisms developing during prolonged 
transit. Moreos cr it is not the eawe tliat tudnials treated by tills method do not exhibit any symptoms. 
Thus, Suhaci [1939] stc.tes that, out of a iota! of ](:.,237 sheep vaccinated by the Bridre and Boquet 
method, nearly oh75 per cent showed .symptoms, i-hough the latter were not generalized;, 2-4-3'6 
per cent of the animals slioived nodules iind many de -/eloped a transient lameness, while some showed 
depression and inappetence. 1-inaliy, as Bridre and Boqiiet [1933] themselves have pointed out, 
strains of slieop-pox vdrus vary in ])otc-ncy and thi,s necessitates the use of varying quantities of 
serum for neutralizing a given quantity of virus, Kolyali and Mavridis [1934] later used sheep-pox 
virus treated udth serum in the actual centre of tlie outbreak-— a method which would appear to 
bear analogy with the serum-simultaneous method of inoculation against rinderpest. The virus 
was diluted in tlie proportion of I : iO and four drops of the diluted virus were mixed with 5 c.c. of a 
strong anti-serum, those being left in contact tor l|-2| hours ; each animal was inoculated intrader- 
mally with (i-25 c.c. of this mixture. Angelo If [1931], who lias obtained excellent results with, the 
.simiiltaneou.s inoculation, mixed 0*1 gm. of fi'csli lymph with 10 c.c. of serum and injected 3 to 5 c.c. 
accordingly to the size of the sheep ; tlui .serum and lymph being mixed immediately before the injec- 
tion. The drawback of this method, as Awigciolf lemarks, is that a large quantity of serum has to he 
arranged for^ 

The disadvaiita,ges, as indicated above, of using serumised vaccine led the writer to examine the 
. dcsiiability of reversion, in a suitably modified form, to the prophylactic treatment of sheep and 
■ygoats by the use of vaccine alone. Ovination, whiclj at one time was the exclusive method in most 
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parts of the world, l^as jk-av almost been <3orapletely discarded a,nd constitutes no more than an item of 
historical interest in litcauture on the subject, its serious drawback heinjf, as is well .known, that it 
sets up dangerous foci for sprc'ad of the disease owing to the seven? rtiaction oc.(‘4jrring in tlie ima'iilated 
animals. Himilur reumrks apply fc{) the Bomd method [1030J which held tlu" ground for iua.ny. 
years before th(' introduction of sensitised vaccine, for, as remarked by Bridre and Bopuet [ll)do|, 
the virus employed iu this nudhod ‘ is not a vaccine ; its inoculation e.ngenders slie('p-pox transmis- 
sible by siiupki contact and the h'sion, o,ven If unhpic, is a source of active virus Bhuu' and Martin 
[i9:i7] obtained imumstant results with the Borwil method in Moroccan sliecp when tin*, latter were 
used as donors of the anti-serum required for use in this method. In India, Srikantiali [193(1], states 
that he has employed the method sue.cessfully in 233 sheep. Ho, liowever, refers to the failun? of 
its use by another woiher in Madras during 1929-1930. Jjatcr, Br}ka.ntiah used what he dosignatrui 
the ‘ cutaneous method ’ of ])reparing sheep-pox vaccine : the hif(‘.ctive material was apjdied on the 
scarified portion of the slcin of a healthy sheep and the epithelial layers of the rr'sultant pustules wen? 
removed by scraping from the 13th to the IGth day. Two cubic centimetres of 1 : 3 glytierine solu- 
tion was added to every gramme of tlic scrapings and the mixture preserved in cold storage, one part 
of the va(3cine being diluted with two parts of saline at the time of despatch for hold 'use. It would 
appear that two flocks out of thr(ioin which the vaccine was tested did not show any reaction and 
that eight of tin* shec'p died : this Ix'ing ascrib(i<l to some unknown acckhiiit having occurred to the 
vaecm(‘. It has, howevtw, been ohst'rv(‘d by the present vM'itor that pustules wliich are formed after 
four or five days contain the niuximuin amount of virus and that., a,s will be setiii from what has to 
be stated later, vaccine in w(d, susixiiision, even when pres(;rved in cold storag(‘. tpiie.kly los(‘s its 
potency. It is more than pro])ahle that these factors contributed wholly or piu'tiidly to the fail lire 
to obtain successful results by the ‘ eautaneous method 

The position in regard to protective inoculation against fowl-pox is more satisfiietory, this being 
doubtless due to the widespread nature of the disease and tlie eonsequenf; avail:) hility of morbid 
material for oxperiinentutioii. as .also the obvious fact thaf hinls iire siniplm* and less expensive to 
experiment with. Of the more noliceable :ulvan<‘Os in this held, me.ntion may iu' made of the intro- 
duction of pigeon-pox virus for u.sc in fowls and of the so called ‘stick me.thod ’ of vai'-eination, 
Befexence may also be made fco the hndings made ])y Beller [1931] on tin? ,sp(‘cific nature- of fowlqiox 
lesions as distinguished from w‘.ho,se due to dc'hcieiicy of vitamin A. It is also noteworthy tliat, 
contrary to the generally accepted view, Kliger and Aschner [1931] ha.ve stated that fowl-pox and 
avian diptheria rej3resent distinct discsise e-utities, so that recovery from one fhxss not confer p.rofcHC“ 
tion against the other, if this statement is correct, then tin? perci'.ntage of succe.ss obtained with 
pigeon-pox vij’us against fowl-pox must have he(?n substantially higher than what has been claimed 
for it in the past. It should, however, be nioiitioned that the relative valm? of fowl-pox and pigeon- 
pox virus still continues to be a subject of controversy. While, a priori, it would seem problematical 
whether a snbstautial ilcgree of immunity is obtainable from tlie use of n }u‘t(iro]ogous vai'cine, 
the actual experience of most workers points to a contrary conclusion. Thus James [1931], (Hover 
[1931], Johnson [1.932], Bierbaum [1935], Doyle [1935] and others refer to the highly satisfactory 
results obtained by them from its use, while, as will be seen from wliat lias to lie stated later, th <3 
present writer found it consistently effective, in the experimental inoijulation of fowls against pox. 
Michael [1932], Bruiiett [1933], and Lulibeluiseu and Elders [193‘.1], ri'cord hawing found jiigeon-pox 
virus to be of little value in jirotecting fowls, but as remarked liy a number of later workers, their 
failures were in all probability liue to faulty technique either in the pmjiaration or in the application 
of the vaccine. It ajipears, liowever, generally agreed that the immunixiag value oi' fowl-jiox virus 
per se is superior to that of pigeon-pox virus, but that the use. t)f the forimu.' is followtvl by a severe 
and sometimes fatal reaction, whilst egg production may lx? siispmided altogether blames', hx*,, cit,]; 
Graham and Barger, 1930, Htafseth, [1.931]. The danger of using fowl-jiox virus is strikingly illus- 
trated by an instance cited liy Leyhausen [1933] in which considerable niortahty oceurri'.d in a, buck 
of chicks inoculated with a proprietary pigeon-pox vaccine containing traces of fowl-pox virus whilst 
no untnwaid symptoms occurred in birds which received pigeon-])ox vaccine :dom^ siqiplieil at the 
' ^y Ike same firm. The use of fowl-pox virus would thus ujipear to be fraught with real 
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danger and tlie writer therefore used only pigeon-pox virus in the experiments to be presentiy 
described. 

According to Picard [1931], fowl-pox virus, by passaging through pigeons, may bo attenuated 
and brought to a constant degree of virulence, so as to be suitable for inoxnilaiion with safety into 
fowls. Evidence produced more recently by Donatien and Lestoqiiard [1941], liowever, shows that 
the virus never reaches a fixed stage, but that it progressively loses its \iruleuce, until tlie latter 
disappears altogether. An inquiry into the question of constancy of virulence of the virus was con- 
sidered by the writer hardly profitable to undertake, for, apart from the results reported by the last 
two named workers, a biological standardization of the virus to erisur<i constancy ditl not, at least, 
in theory, .seem possible. In fact, Goodpastm’e and Anderson [1940] have shown that immunity 
against fowl-pox is a function of the humeral antibodies and' not, even partially of the epithelial 
cells, so that, it may be inferred that the virulence varies with the quantity of antibodies elaborated 
by individual birds. Moreover, it would seem open to question whether, in practice a state of 
constancy in virulence is really desireable if, as has been postulated by Basset [1935], the immunity 
iu'oduced is directly proportional to the pathogenicity of the vaccine, for this may inqih^ that, for 
conferring a strong immunity, the titre of the virus has to be adjusted in relation, to the general 
condition of the bird so that the reaction may not progress to a fatal one. 

Materials and method 

The skin of the abdomen of a sheep was shaved and thoroughly cleansed with warm water and 
soap and dried. A one per cent suspension of sheep-pox virus in normal saline .solution was now 
rubbed into the superficial epithelial layer of the skin which had been lightly scarified. After four 
or five days, material from the pustules w^'as collected aseptically by scraping in a i'ece]>tacle and was 
then desiccated in mcuo over phosphorus pentoxide or calcium chloride. The process of drying was 
carried out in the cold as high temperature.s have a deleiei'ious efTe(?t <m the kee]>ing (.quality of the 
vaccine. The material was now weighed and ground to a, powtler in a si.erile mortar. It was then 
stored both in the form of wet suspension and in the form of dried powder at two temperatures, mz., 
42''P. and 98*6“F. The dry vaccine was prepared as follows before use. The material was rubbed 
to a smooth paste in a sterile mortar by the addition of a .small quantity of 50 per cent glycerine 
saline. Sufficiently more of this diluent was now added to make the full cpiantity, which was then 
filtered through sterile muslin to remove extraneous matter and used the same day ; 0*3 gm. of the 
dried vaccine suspended in the diluent was found sufficient for one liundred anirnals. A total of 
no animals were used in the present experiments and of the.se, 56 were sheep and 54 goats. The 
vaccinated animals were duly tested for immunity after an interval of 14 days. Controls were kept 
in each case. 

In the case of pigeon.s. the feather follicles of both leg.s wnu'e pluclo'd, and iramediatoly there- 
after a one per cent .suspension of pigeon-pox virus in normal .saline, wa.s ruldx'.d on to tlie denuded 
follicles. The crusts were collected from the J5th to the 21.st day and tlie suLi.sequent procedure was 
.similar to that adopted in the preparation of sheep and goat vaccines a.s de.scribecl above. The 
vaccinated birds were tested for immunity after 21 days by inoculatiug them with the specific virus. 
Controls w'cre kept in each case. , ■ 

E-EFECT OP VACCINATION 

Vaccination when carried out with a good sheep or goat vaccine usually re, suited iu a. c.rop of 
V('si.cle,s at the site of inoculation resulting in a benign form of the di, sea.se, j u a few sen, sit ive j)atiHnt.s 
the injection -was followed by a period of dullness, loss of appetite, and fever, but this .seldom lasted 
for more than a few days and the animal returned to normal ai'Pu' a short jieriod of comidete re.st. 
The usual experience was, liowaiver, that no disturbance to health occiu-j-iid in the aiiiniahs that .tnceive 
the protective inoculation. In some cases, wffien testing out b,iLuvs oJ‘ Ireslily ])repar(‘d ^'accinc. the 
results were not as expected, the animal scarcely showing any reaction wdiatsoever. These aiun'!a].s 
wdion te.sted later wdth a potent virus failed to show any specific reaction, proving thereby tliat tlu'y 
were immune. The results are summarised in Table I, 
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jji tiie case oi’ pigc(aiy and c'liickens a good loca] reaction occurs and this iisiialiy takes ike form 
of an inliaminabion and swelling of the feather follicles. In adult fowls tie reaction is less maikod, 
and at times almost impm-eeptible. The results obtained with the dry pigeon-pox vaccine are 
siinimarised in Table II. 

(«) In sheep 

it will be seen I'runi Table I tliat out of a total of 14 sheep inoculated with the dry ’ vaccine- 
that had been preserved, in cold storage? hr varying periods, 11 (78-5 per cent) ditl not r(?acl when 
tested later for immunity, though the controls in each case developed the usual pustules Ibllowing 
the virus inoculation. A total of six sheep were inoculated with the wet suspension kept at 42'’’!’. a,nd 
only one of these reacted to the vaccine, showing the remarkable rapidity with whicli this i‘orin of 
vaccines loses its potency (Srikantiah, mile). The protective value, of vaccine stored at 98dT'F. 
was tested on eigiifc sheep and none reacted to the inoculation, irrcsjjective of the fact whether the 
vaccine used was in w'et suspension or in the dried form, though six of these were found susceptible 
when tested later tor immunity, in spite of the small number of tests, these results were c.onsidered 
suhiciently representative to warrant the conclusion that this temperature was quite imsiiitable for 
storage of the vaccine and further tests along this line were not therefore proceeded with. 

{h) In-youU 

it will Ik'. seen that a tola! of 18 goats woie subjected to iimniinity test after they had received 
ihc. protective inoculatioi! with vj'C{'.ine pi-eserv<;.(l a.t the lower fc(!m[)eratnre and iliat only seven 
proved resistant to the test. Five of tiu‘ coriesjionding controls, however, did not reaci, lt> ihe virus 
inoculation, so that th(^ resuits ii! tliese eases must he regarded as inconcluHivtc TTie r(‘sulis obtained 
with vaccine stored at 98-r> F. were in conformity with those obtained in slieep, for not one {)f the 
goats in this category reacted to the vaccine. 

Kolayii, Mavridis and ilhanii [iOllllj kavc ]‘ee.oinmeud('d the utilization of sheep seab in vaecina,- 
tion of goats and the us{' of va,rio]a virus of goats against j»ox of sheep, for in eitlnu’ cast' a ]»erugn 
form of the disease is produced by the vaccine and, fnrtherinoi'e., according to these autliors, ‘ the 
virus of variola of goafs is not tJ’ansmitted by natural contagion from goat to siwt.^p ’. .V series of 
cxj)erinients wane carried out test tlu‘ value of this method oi‘ vaccination for both sheep and goats 
and the results are shown ill Table 111. 

it will be seen from Table III that ten sheep were inoculated with the specific vaccine and eight 
(80 pe.r cent) did not react when later tested for immunity. On the other liand 10 goats wt'rc 
inoculated with sheep-pox vaccine and only four (40 per cent) proved immune oti test. The protec- 
tive value of goat-pox vaccine was tested on ten goats and ten sheep and positive results were obtained 
in eight (80 per cent) and three (30 per cent) animals, respectively. These results justify t.ho (‘onclu- 
sion that though the two viruses are closely allied, neither of them can be used as a dependable agent 
for protecting the heterologous species. 

(c) in fowls 

It will be observed that the vaccine stored for the maximum period of six months at 42‘'F, reina,ins 
fully potent for fowls and pigt'ons, whereas a marked deterioration takes place w'hen the vaccn'uc is 
kept at V)8'(:FF. Tests on the protective value of vaccine in the wet state were not cai’ried out in 
this series of exjterimenls for previous experience has shown that the wet vacx'iue issued to the held 
(.hiteriomted rajiidly. Besides as already mentioned, such vaccine had been found to uiisatisfiic- 
toiy in the cast' of sheep and goats. Brunett [1933] also refers to the gradual loss of viruleucii in 
j)ig('on']>ox virus when 1h(> latter is suspended in glycerine saline and recommend its storfigo in the 
powde];e(l form, being suspended in saline only when required for use. 

Indications por the use op the vacc.ines 

Sheep and goat pox vaccines may be used in clean flocks when the disease is known to ]je in tin* 
immediate nciglibomhood in order to limit the' spread of infection. In districts where the diseast; 



Table II 

Effect of vacciTmtioTi in fowls and pi. 



"«otes ififiaiiiffiatiii 



Effect of dry vaceim on sheep mod. goats 
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iuiK a Hoasonal ijicideiice. inoculations may be carried out in good tinu' bofoi-cJiaud, and n(»L as an 
eniej'gcnoy prophylactic measure. It may also be used in clean ilocks Uu' disras(> tends to 

liugi'i' on. On the other band, inoculations are bettor n<d peefonned on heal! by nnimais if there is 
no immediate danger, for, jis already meutionod, a benign form (d tlni disease is .set up n,ft('r vueclnn- 
tiom and a sick nniruid is likely to spread the disease to otlier animals which liave not besm inoetdadod. 
As for the fowl-pox vaccine, it slioidd not be used in jhgeon.s in a dehilitat.ed sjate, as the va.ccim- in 
such cases is capable of setting up the disease in a. g(merali>:tMl form. 

SUMMAEY 

Rheep and goat-pox vaccines stmed in the form of a drieil powder remains [)otent for the [>urj.K)So 
of I'lotrctive inoculation for not loss than six months, and similar results nere obtained with a rb'ic'd 
pigeon-pox vaccine. When stored in wet suspension, sheep and goat~])ox vaccines lose their potent'y 
within a inonth. Shcep-pox vaccine has not proved to lie a dependable agejit for protecting goats, 
and goat-pox vaccine tor protecting sheep. 
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OBOGEAPHICAL AND SEASONAL INCIBINCE OF SUEEA IN THE PUNJAB 

By H. K. Lall, B.Sc,. M.R.O.Y.S., Assistant Animal Eushandry Commissioner mih the Government 

oj India*: 

(R(Hx4vfd for publioation oa 21 January 1947) 

(with five text figures) 

B ASU [J945] collected the data concerning suri’a in all .species of animals under tlirce heading, s, i.e., 
bovine-s, equincs and others from tlie year 1942 to 1944 from various •proviii(?es and States, .sliowing 
:lie intensity of infection in tin; various areas. From Iris figure, s the PiinjaB soem,s to be the worst 
lifected area, followed by the United Provinces and Sind. In this note ilata for the last 14 yeai-,s 
1932-44) ha,s l)een collected from tlio five divisions of the Punjab (Lahore, Multan, Eawalpindi, Ambala 
ind dullundur) and an effort has been made to work out correlation between rainfidl (the averageof 
iguTe,s for last 14 years) and- the incidence of surra, if any. Table 1 and Fig. 1* indicate that there 
,s no direct relationsliip between rainfall and the number of surra cases. The number of .surra cases i,s 
nore or le.ss constant. If anything there is a fall in the incidence** of the disease in heavy rainfall 
^ears. No doubt there, is a seasonal (xanirrence of the disease, i.e., them is increase just aftej' the rainy 
.eason, as can be seen from Fig. 2. The low incidence in heavy rainfall years may be due to the 
vasliing away of eggs and larvae of the insect vectors. The abnormal fall in the minihcr of surra 
iase.s recorded in the years 1943 aiid 1944 is due to the fact that nagunol was nch, available. 'Phis 
)oint is di,scussed in detail later. 



Seasonal incidence. The figures for each month for the last 14 years liavc' beem computed and 
e average cakuilated. It will be seen from Table II and Fig. 2 that the number f)f surra, cases start 
•■reasiug in August and reach llieir zenith in October. The ])eak is roacJusl in September in An)])ahi, 
dtari and Hawnlqiiuii and in October in Lahore and Jullundur (.see Fig. 3A and Table II). The 
ures available' fur Assam and tin? ( 'entral Provinces for the last two years also indicate a sitnilar 
isonal enrve. On the other hand, in the seasonal cm’ve drawn by Ba.su (ibid) on tin? ba,sis of total 
iires, the peak is reached earlier in Sejitemher then in our case, viz. in Octob(*r. The .separate 
ures for hor.sc.s aiul camels were available for Jullundur divifsion only in which case a, .s(.'parate 
ure has been drawn (Fig. 3B), which shows that the peak in the cases of the equine, s is reached in 
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October and in camels in September. Those curves ere siniilar to tb<)se Tor eqnines iuai oUsers, 
obtained by Basu (ibid,) According to Basil the peak in bovinea is I'eacliod in Aiigus1<, w hile Irom Ihe 
data supplied by Zaigar (personal commaiiicationj tor the yi^ars BtlO- i tdu‘ [k-uIv in boviuos in the 
Central Provinces is reached in September. This may be due to variable'- cliinatie, (actoi's such as 
earlier lainfalj at one jilai'c as compared to the other. 



Table I 

The number of surra cases recorded and the average, yearly vawfall in the. Pm jahfro/n 19S2' W44 


Years j 

10f(2 

1031! 

19.34 

1936 

1939 

, 1,937 

1938 

' 1030 

JWO 

1041 

' 1942 

1043 . 

10 14 

.1046 

Number of recorded ca.ses of surra Jn 
the l^uujab. i 


1 2,824.; 

3, OBI 

1,638 

1,410 

1,08:{ 

1,801 

2,276 

2, ora; 

" 

2,208 

2,18(1 

!,2fl6 

583 i 


Number of recorded cases of surra iu 
Ambala Division. 





-1 

977 , 

702 

77.3 

1,101 

.693 

1,3(52 

435 

258"^ 

4527; 

Ealufall lu inches . 

23*21 

33-70 

22-87 

26-80 

28-79 ! 

22-93 ; 

22'93 

20-06 

22>64 

24-31 

33-:i0 

22*67 „ 

28*8(1 
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When the figures of incidence of surra are compared each yetir, it is scsen tlm.t peak is r(au.*.hed in 
the same month each year, witli occasional minor variations. Tin*, n.vcrfigo T-alniall lias also been 
worked out month wise on the basis of the rainfall ligurcs of the, last 14 years and plottC'd against 
the number of average outbreaks each month. These ligures show that surra, has no direct relation 
to rainfall as ]n.’oviously stated but its incidence is increased in the months usually after the summer 
monsoons in the Punjab. 

It is known that trypiinosomes feed l.ty osmosis on the glucose of lilood wliich is mitui’aHy inobliisrsl 
from the store, i.e., the livm*, and that tliere is hyperglycaemia in tlu^ early stages of try])a,nosonie in- 
fection and hyperglycaomia in the latter stages when the trypanosomes usually disappear. Pay 
(personal communication) ])ointed out to the author that there is a se.asoiiid varijition in the blood 
sugar of efpiines. The seasonal incidence of the disease and seasonal variation in the qmintity of 
blood sugar and the increase in the number of flies and other insiaits during surra sea.son throw 
some light on the cpizoobology of the disease. It seems from the histopathology of the (iisea,s(^ 
studied on a few ca,s('s by Ray and Lall in 1944 (unpublished) that the lesions produced in e-hronic 
cases of surra are ])athogonomic8 of sugar-glycogen metabolic disorders and its further study — 
specially of the (uidoc.rim^s -is likely to reveal some useful information. 

Gcoffmplrical (UdribuHoh.: A comparison has also been tnade on a, gcograjihical basis, i.e., tlie 
number of outbreaks per total equine and camel population have l)e(Ui examined in the vfirions divisions 
of the Punjab, having dilTerent climatic conditions and rainfall. The num])cr of surra (‘-entres, most 
of which are along tlie courses of the rivers, varies in each division (see Fig. b). This might have been 
one of the reasons for variance in figures, but the analysis of outbreaks for each centre also shows the 
same result as obtained on the basis of average population. It will be seen from Table II I that the 
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number of cases are fewer in bhe dry climate of Multan as compared to that of Amba'Ia and Ijahoro 
where the climate is more humid and there arc extensive low lying areas. 'The? last fae-toi? seems to 
be the deciding factor, as far as surra is concerned. The. total rainfall in fjahore and llawalpindi 
and Anibala divisions is approximately the same, but there is a dillV.renoe in ih(} mimlaw of eases 
(on th(3 average ba.sis per 10,000 heads of equine and camel poptihitiou) in emih division, diilhindirr, 
having a much h(^avi(•r rainfall, has more or less the same incidence a.s li.awiUjfmdi. 'Che peak is 
reached in Ooto})er in iiiihore and -Tullundur, in September in .'Vmhahi, llawalpindi iind Mnltjui (s(‘.e 
Fig. 3A) ; this is very probably owing to the larger camel population in the.sc^. divisions, ])ee.aus<', in the. 
case of camels peak is reached in September. In Arabala, which has proi)ortionately a large caimd 
population, it is noticed from the records that the majority of tiie surra infectinl nniuiiils brought l;.o 
hospitals were camels. In the divisions where the camet po])ul{t,tion i.s consid{'ra,ble in proportion 
to e(,|uiiies, the peak is not well defined. It is seen from the monthly rainfall c.utan s (tlu' avci'ag’e 
of L935— 1948) of the various divisions (seij Fig. 4) that tlie liighost rainfall is in duly in. Aanbalu, 
Jullandur and Multan and in August in Lahore and Rawalpindi, Tliere seems to be no <d)vioiis con- 
nection between the earlier period of rainfall and the peak perioti in this ca«c. Winter rainfall due. 
to winter monsoons is maximum in Rawalpindi, .ft would seinn. honevev, tlie winter rainfall lias 
no co-relation with the incidence of .surra. 



i’ig. 4. Monthly rainfall for each division iji the Punjni). 
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Mmitkwise incidence of surra of each division of the Punjab and average monthly rainfall 


Monlihs 

Jauu- 
‘ ary 

Fcbi'U- i 
ary 

March 

April 1 

May 

June 1 

J uly 1 

August 1 

' Sep- , I 
tember | 

Oeio- : 
ber 

Novnrti- 

bor 

Deoom- 

ber 

iailiore (average* mimleer 
of eases). 

.«'j 

11-5 

7-1 

7-1 

12-1 

:i.8>8 : 

1 

67-1 

T15-5 

.. 1 

475-2' 

298 

115 

liawatpindi . . . 1 

2-0 'i 

1-4 ; 

•38 

•85 

1-8 

8-0 1 

22-3 

38-4 

83-U 

''55-2'’; 

' '..'"-lAa;: 

9 0 

Multan . . . . i 

8*5 

2-4: 

2-1 

■57 

•7 

1-4 

8-4 

14t7 

304 

■■'■■'^;28-y''j 

:23-7^ 

fv8 

Jniliindrir . . . j 

I’-tv: 

, 2-3? 

>8: 

•0 

•8 

■ ^ ,4 

3*0 

11'4 

•27-9 

.38-6' 

^:':■■::28■8■■ 

15-0 

Ainhala . 

8-0 

5-6 

12-2 

9-4 

9-3 

■ . ■ 21-2 

88-5 

173 

190 

130 


18-4 

■Total , 

4;i-8 

23-1 e 

2a*58 

:i7-92 

24-5 

49-6 

187-3 

353-(> 

387-4 

723-0 

‘lai-ft 

102'2 

Kainfall . . 

1-27 

1.57^' 

1-21 

0-70 

0-50 

2-25 

7-07 

7-15 

^ „ 
3-70 

0-28 

0-07 

' 0-52 

u:. 


Knhf.' (lisfUHSf'd iit thn Si'vcnth .Mm'Unt? of the Animal Hiisltiiu'dry Winfj ht'lel at J/iu-limiw. 

* '■ Tlut liKiii-es inilicatinti: surra iiicidemia IVir Amlialii illviaitm have not; bwtu Inclndod in this Hraiih. 

t A vara^o is liasrd on tho iimircs of years ll)3;i-f4 iu ease of Lahore and lia\val))imii, li);J7-45 in ease of Amliala, iu ease of Multan 
and in case of JulluiKlur. 
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Table III 

Geografhical imidence of surra in the Fmijah 


nivteicfnB 

Xo. of 
siirrii 

i (MMitraw 
l 111 wull i 

(liViBlOU 

Toinl 
mimiwr 
of out.- 1 
IjmikB 

Avmw. 
No.of 
outliroaks 
imr 1 

ywir 1 

No. of 

(ItlStlS 

par 

iiMitro 

eopuiailon of 
iMluini'H 

(lonki'y.s uiiil ; 

raiuidH) I 

Avi-nijn- No. 
of outtiri^aku 
pcf 10,060 

auiniiilH 

Avi'Vfiw. 
rainfall in 

, (I9:;!-M) 

Lilhorc (Ii);i0- I0.l4) . 

10 

7,078 

1,280 ! 

' 1 

'1.38 1 

H 221,733 

0 i:i,.tl7 

ii4-4(i.n 

24-47 

;ruiiimaui'(Jitso-ioi'i) 

. ,4 

034 

ICIO- 

■20-5 . 

.n 91,349 

(J .54,651 

7-2 (7) 

.ti-;n 

■Rawalpindi (laiiO-Rj 14) . . j 

13 

.1,589 

265 

20-5 

E 278,941 i 

V, 54,317 

7-9 (8) 

23-26 

Mullan (1930-1044) . . , i 

■ « 

674 

112 ! 

18-{S 1 

E 362,604 

0 113,415 ; 

2-7 (3) 

8-47 

Amhala{]!>;i9-10.14) . 

8 

4,354 

736 

00-7 

B 83,842 

<1 40,203 

58-0 (59) 

1 

26- (16 


E<mimjs. (J = CumrlH. -f Puiijal) Utmaiw Report. (IPW) 

j figures in brackets hiivo Jieeu slunvu in the map. 


The effect of chomothera'pij on'the imyideme of surra. In tlui ea,rly part of disease invosti^jfution 
scliotnes extensive trials wore made by tlie lield stall of tlnj provimuis witli tartar emetie, nao-aiiol 
alone and botii combined in the treatiiKiiit and prevention of surra. But, as late as Ta.yl(»r 
D.iroctor of Veterinary Services, Punjab reported that the treatment of equine surra with mijiifatiol 
was not an unqualified success. In 1940 Walker reported that surra in horses ctjuld b<^ iuirtsl both 
by naganol alone and the naganol cum tartar emetitj method, provided ti’catnieut was upjdiod in the 
early stage of the disease. 

Tartar emetic, which was commonly in use for the treatment of camel aiul equine surra, gradually 
was replaced by naganol in the casf‘. of ecpiincs, but in the case of the camels its use remained circums- 
cribed due to its high cost. Jn bovines, however, it has been successMly used as a curative ami pro- 
phylactic in the United Provinces where it has becsri tried in the years 1939-1945 on a fairly largo 
scale in a limited area, while successful curative effects are reported from Hyderabad (1944-45), 
Madras (1941-42, 1943,1,944) and Assam (1943-1944 and 1946). From Orissa (1940-41 and 1942), 
however, the results of treatment of bovine .surra with tartar emetic were not so convincing ; symp- 
toms of shock were noticed in some of the treated cases, while some animals siiccumf)ed to the disease 
in spite of the treatment. In one case from Madras also ulticarial eruptions and symptoms of distress 
were noticed. 

Naganol became very popular as a curative remedy in surra because of the single injection re- 
quired ; second injection being necessary in a few cases only. Froin the reports of the Diseasii In- 
vestigation Officers for 1939 to 1945, it seems that naganol has been successfully used as a (mrativo 
in all parts of India. The prophylactic value attributed to it, liowevor, can he accfipted with reserve 
because of the lack of controls in most of the experiments undertaken. The supply of the drug 
became limited during the war and the stock in the country was nearly exhausted by 1942 wheu it 
was being sold at the exorbitant price of Ks. 50 a dose so that only a few 7‘ace horse l)r(i(ulers could 
afford. Since 1942 there has been an enormous reduction in the recorded number of cases of surra 
in the various hospitals in the Punjab as can be seen in Fig, 2 and according to the information 
from the various veterinarians working in the hospitals. This reduction is a psycliological ph< 3 no™ 
menoii. The clients, having got accustomed to single injection treatment of naga.nol, w(n-e not 
inclined to revert back to tartar emetic which, in most of the cases, necessitat(id more, than one 
injection and even then there "were chances of relapse occurring. 

Antrypol came into prominence during the War. It has ])een successfully use(,l in the treatim'.nt 
as well as prevention of surra on a large number of ponies in Assam during the yteirs 1942, 1913, 
1944. In 1943-44 in Sind, in 1944-45 in Kashmir, good resnlts we, re obtaimvl by its usii in, ca,mels 
in Sind the groups of camels injected with antrypol remained free from tluj disease',. In tlu; ( ientral 
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Provinces, however, in 1 945-46 extensive ulticariai eruptions lasting for 12 hours woi-e reported as 
the after-result of autrypol treatment in the only case treated. 


Summary 

The data of surra cases in the Punjab, for the year 1932-1944 has been analysed and its 
seasonal and geographical distribution discussed the study of the relevant records in the Punjab 
points to the facts that there is no quantitative relationship betvAu^en the incidence of surra and 
the annual rainfall, and that the incidence of the disease always increases after rainfall, indicating 
the need of prophylactic treatment for one or two months following for summer monsoon. 

There is a decline in the number of surra cases presented for treatment following the cessatio]i 
of the use of naganol, it appears that owners will forego treatment rather tlian submit to one which 
causes some inconvenience ; it, therefore, follow's that simplicity of treatment should take pre- 
cedence over the ultimate total effectiveness of the treatment or should at least be considered as 
equally important to it. 
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A ISI'EW METHOD FOR THE.STUDY OF EXTENSION 
IN WOOL FIBRE 

Bj P, N. Nanba, M.E.G.V.S., and Tarlok Sing-h, B. Sc. (Hons.), M. S(!., Government Livestock 

Farm, Hissar 

(Received for publiciition on. 6 May 1946) 

(With i)lato 111 and nno text figure) 

S TRENGTH and elasticity form two of the most important qualities of wool, as the strength, and 
weaving properties of the fabric are deyjendent upon them. Whether a hibric is fine or cuaisse, it 
must handle elastic and lofty. The term elasticity, as applied to wool, denotes the power it 
possesses to assume its normal condition after being subjected to stress. Its exact determination 
may be made by the measure of the limit upto which the fibre extends when under stress. 

For the measurement of strength in wool fibres, Oneill Hair Tester, originally devised by Charles 
Oneiil [18G3] is being used in this Farm Laboratory and it .is described in detail in the Texiile JoiinutL 
As regards extension, however, very little information is available. In the course of our exper inn nits 
on. the measurement of fibre stiengtb, we were able to intrr luce a subsidiary contrivance within the 
apparatus without altering it in any way. With the help of this contrivance, it is possilile to measure 
the maximum length to whicli a filjre or a, jiortion of the fibre exteiuls before it snajis. 

The (iontrivance, as shown in Figs. 1-3, con.sists of the following four parts : 

(i) Tile support, a thin cylindrical piece of wood about half an in. l(.tng, having a longitudinal 
hole in the centre, which goes as deep a.s its middle (Fig. 1 ). The suppeu’t is ticul to the cork of the 
float of the tester with the help of a. thread as shown in Plate TTJ. The lower (Mid of the support, is 
made to remain above the level ol‘ the water when the float is fre.ely and vortieally susjiended in it. 

(ii) The rider consisting of a piece of fine metallic wire lient at right angles at both ends, one 
arm being longer than the other (Fig. 2). The sliorter arm fits into the liole of the 
support while the longer arm carries the index at its cud. 

(iii) The .index, a crescent shaped metallic piece, the inner curvature of which is the same 
as the curvature of the outer tube of tlie tester (Fig. 3), It has a hole in the middle 
in which the end of the longer arm of the rider is fixed. Tlio index moves along the 
scale. 

(iv) The scale marked in inches (1/lOth) on an ordinary piece of whitt^ paper, which is rendered 
water-proo.f by giving it a dip in hot parafiiii. The scale is pasted on the outer surface 
of the cylinder of the tester at its upper end. 



■Kigrt. 1-3, Fai‘,;s Oneill [Tait* TeHtef 1 — aiipport, 2— The ridof, 3 — 'Tli® index. 
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■When the apparatus is in use, it 0 ])erates as shown in Plate 1 1 1'. The fibiv to Im', tesi.<'(l is inoinittnl 
on i)aper mounts, the ends of tlie fibre being secured with sealing wax at a distaiu-e f>i: oim. inch u,p:u-r.. 
Tliis length is selected as a standard for comparative study. The paper is then fixed in the. hunks 
providecl in the apparatus. Along with the fibre, tlie rider is also ]nit in tlie hole of tin*, support.^ 
After fixing the upper fixed point of the apparatus, the initial reading at whic.h the jioint.u! em! of 
the index stands is taken. Readings are taken upto two decimal plac('.s, tlie si’coikI place being 
estimated by judgment. Water is then allowed to flow out of the tester as a result of whieli jnvssurc 
is exerted on the "fibre and it extends. On account of the extension, the tube moves down, stud with, 
it the index also glides downwards along the scale. A careful watch is kept on the movement pf the 
index. Just when the fibre breaks, reading at the scale is noted. The ditTereiice between the. initial 
and the final readings on the scale gives the limit up to which, the fibre extended per unit inch. The 
water taken out for breaking the fibre is measured in c.c. and the breaking load is calculated by the 
formula : 

Fr2 ■ 

. . #.,= 

2 

R — r- ■ 

where F is the breaking load, 

7, the volume of water drawn, 
f , the radius of the float, 

J?, the radius of the outer cylinder 

As soon as the fibre lireaks, the float suddenly falls down, with the re, suit that the ride,r sf.rikes 
against the edge of the outer cylinder and thus easily comes out of the hole in the support and 
remains suspended on the edge for use again. 

To ensure efficient working of this subsidiary device, a ring is fixed at the toji eilge of tlie oaf.eY 
tube just above the, scale, through which the longer arm of the rider is made to pass, (Plate 111) 
This ring serves the purpose of keeping the rider in one plain', and docs not allow it to go astray 
due to the free motion of the inner float, thus ultimately hel]Hng the index to glide smoothly along 
the scale. Care is necessary to see that the index does not touch the scale, otherwise the resiiUhig 
friction will interfere with the movement of the index. Some distance slioiild be left between tin* 
scale and the index. This can be done conveniently by adjusting the ipiper hook of the tester .so 
a.s to suit the requirement before starting the experiment. Once the distance is adjusted, it wnll 
contmuo to wmrk satisfactorily. 

This device is claimed to be particularly suitable as it determines the breaking load and extension 
of tlie fibre at one and the same time. Goliachi Osiimi and Etsiiro Kato [1937] in developing 
their own tester, assert that a perfect tester intended to record the elongation of the fihre must be 
sim])ie both in making and handling, and it must measure the elongation on a magnified scu,le. The 
method now described is not only simple, but also denotes the elongation on a magnified scale as the 
fibre length is taken as one inch standard and the .scale l>eing in one tenths of an inch, enables the 
worker to note down even a slight extension with the naked eye. 

Prelinvinary trials ' ' 

In order to test the accuracy and consistency of the results olitaincd by tliis methofl, prelimiiiarv 
trials were carried out only on true wool ^bres (fine fibri's) which arc considered to he fairly nnii'onu 
with regard to their structure and other bliaracteristios such as length, circumfei'i'uce., strength, elii, 
in a particular •wool sample. The trial(i;were divided under two heads ; 

(«.) Trials by one obsermr. Two sanqiles from the shoulder region from mve no. '177R (sa.inple 
No. 1) and ewe no. 663 (sample No. 2) consisting of only wool fibres (otlier fibres having bemi removaai 
from the samples by mechanical means and the classification, ponfirmed by the. Benzene l.(',st)wi‘re 
taken. The samples were freed from impurities by a, bath in warm benzene.. Baniple No. I wa.s 
then divided into several lots and from each Iot ,a..STifali sheaf of fibres was ‘drawn and jiooled togeiiier 
to form a compn^jite sample. This was further treated in a similar way and (he jii-ocess repeat, cd 
till a small representative sample wa,s obtained. F.rom this sample, six sets often fibres each were 
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Upper part of tlie Oueill Hair Tester showing the subsidiary contrivance. 
A, Support ; B, Rider ; C, Index ; D, Ring ; E, Fibre 
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drawn at random, mounted on paper mounts, and tested for extension. Sample No. 2 was then 
liandled in a similar ^vaj, inaJ^ing a total of 12 trials in botli tlie samples. Results arc given in Table I. 
Conclusions regarding tlie oonsistency of the data were drawn from these results by ajiplying the 
analysis of variance according to the method suggested by Fisher [lilll]. Assuming that every 
set <.)f ten fi])rcs re]>re.sented the bulk population to which it belonged, and the fil)r(js used in. every 
set t)r trial were unifurin as regards their characteristics, the results obtained can be considered as 
.reliable. 


Table I 

Extension jier unit inch 


Sample 

Fibre No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Total 

. No. 













r 

Trial No. 

1 

0-.35 

0'3S 

0*30 

023 

032 

040 

0-.30 

0-41 

038 

0-4.5 

3-52 


2 

020 

0-40 

0-29 

0'29 

040 

0-31 

040 

041 

0-31 

0-3() 

3-37 


a 

0-36 

0-23 

0-42 

0-39 

040 

0-30 

()-2G 

025 

0-30 

0*35 

3*38 

M 

4 

0-40 

0-42 

0-38 

041 

04.5 

048 

0-43 

0-35 

037 

0-34 

4*()3 

1 

5 

0-20 

0-39 

0-35 

0-35 

0-37 

0-37 

0-.3G 

0-37 

0-25 

0*2.5 

3*20 

1 


0-33 

0-29 

0-41 

0-30 

042 

0-35 

0-43 

035 

0-40 

0*39 

3*07 


Total 

1-84 

2-11 

1 2-15 

1-97 

2-30 

2-27 

2-18 

2-14 

2-07 

2*14 ■ 

2! *23 


Trial No. 

1 

0-40 

0-38 

0-40 

i 

j 0-38 

0-40 

0-23 

0-.33 

0-45 

0-40 

0*37 

3-74 


2 

0-45 

0-43 

0-35 

0'40 

042 

040 

O-oO 

0'44 

0-39 

0*40 

4-24 


;} 

0-22 

0-42 

0-48 

0-3() 

0-35 

()-48 

044 

0-40 

0-50 

0*41 

4*00 

2-( 

4 

039 

0-42 

0*34 

040 

0-45 

0-40 

0-40 

()-37 

0-34 

0*37 

3*88 


5 

0-42 

0'44 

038 

040 

-0-.3S 

0-38 

032 

0-38 

0-4(:) 

0*40 

3*90 


fj 

0*40 

0-45 

0-44 

040 

0-40 

044 

040 

047 

0-38 

0*42 

■1*20 


Total 

2-28 

2-54 

2-39 

2-34 

2-40 

2-39 

2-39 

2-5.1 

2-41 

2-37 

24*02 


Table II 


Analysis of varUmce — 

mmph No. 1 



Source 

D.F. 

S.8. 

M.S. 

Z: 

Between trials . . . . , 

1“ i 

0*0390 

0*0078 


Within trials ' ' . . . . , . . 

54 

0*2008 

0*0037 

0-373 

3’otal 

59 

0*2398 

0*004() 


The value of Z being non-significant, shows that there is homogenity in the data of Sa,mple No. T 
with a total variance of 0*0040, 

Table III 

Analysis of variance — sample No. 2 

Source 

1 D.F. 

s.s. 

M.S. 

Z 

.18etw<>!:,ai trials . , . . . . . . 

5 

0*0193 

0-0038 


Within trials 1 . . . ... . , . 

54 

0*1351 

0-002.5 

0-209 


0; 1.54.4 0'002{» j 


Total 


59 





teristio variation. Tie experiment was condiictert undet room tenin i.itiiK, 

question next amos .«k. or not the method he 
reliably used hj other workers. This point was also investigated in the inaniui. 

A small portion, representative of the bulk, was farther separated from * ^ 

above. This was divided into five lots each consisting of approxiiiiatclj 1U-..0 h m s. ^ 
flifheult to iudjre the number of fibres in small samples by experienee. h ioiii Oi c,. ^ ■, ^ ' 

“a^dra™ out at random and the five sets so obtamed were *^7 : f 

three of them being research workers including one mathematician and two • > 

were asked to break the fibres independently and note down the extension icbiil ..b. 

Tables IV-V show the results and their Analysis of variance : - - 

Table IV 

Extension per unit %ndi 
(Olibamed by different observers) 


Fibre No. 

1 

. 2 

3 

4 

5 

Total 


043 

0-31 

047 

045 

040 

2-m 

2 * 

043 

0-31 

045 

040 

0-38 

1*07 

3 i 

-'4: ... . . • 

V6 . . 

6 . . . 

7 . . • 

8 

045 

0-37 

045 

045. 

041 

040 

0-38 

0-3G 

0-39 

045 

0-38 

0*39 

040 
0-33 

041 
045 
0-30 

042 

0-39 

042 
040 

043 
040 
040 

040 
0.*38 
040 
0'2S : 
0413 

[ 045 

1-80 

2-01 

1>82 

2‘06 

3 . . • 

10 . 

0*38 

0-20 

0-51 

040 

045 

0-34 

040 

041 

040 

0-37 

1-73 

Total 

3.-95 

3-88 

4-02 

4-10 

3-74 

m-m 


Table V 


Source 

D.F. 

S.8, 

m:.s. 

Z 

Within observers 

4 

45 

0-0075 

0-1498 

0-001.87 

0-00331 

■ ' 0-285 

Total 

49 

0-1588 

0-0032 



The value of 4> obtamed by tms analysis is not signmcant. xaere uu « v ... 

that the data are inconsistent and the observers obtained significantly difiiirent resuits. ,1 n other 
words the different workers can also operate at the apparatus with uniform re.sulis. 
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SlTMMABY 

A .^iibsidi«ry eoutriviun-e. hua bweii devised and added to Oneill Hail' '.rester. Ib^sideB streiigtij. 
Vise .'i])|)aratns can ihav be used foi.' the iiieasurenient of extension ui: tbe vs'ool iilu’es. 
riie contrivance' dcserilted is vsinvple. and records extonsioii. on a inagniiied scale. 

it gives consistent Tcsidts vvhicli aiM' iinlependent of j>em)ria,l errors. 
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A UiMCKM.fi.sis iiii'i'fi ion is (IcsiU'ihfd iti n 48 yoars old |tatimt' at IVtoua, Agglutination litre wan 1 in 200 on, 
rnc VK'C'usinii and '.vln-'U rnpeatcd a fortnight later it was I in oOl). lUneay last.ed for 17 MToks. Althougli the 
iiudif !' aware (hat t!ifeei.L(»n is geiieniily eoutraeted fr<»in l)<)\-iiT,i‘.s. he doc'y not state the source of infection 
in this particular <,-ase. 

■H. K. L.l 

A Case of Brucellosis (Aboratus fever) E. Bliuyan and R. C. Barua (1947) 
imL Guz. LXXXII, 24 

A n IjNJ K( '( jok of iOA-year old j'unjnbee girl, who had come to Assam after sjamding a throe months' holiday in 
the Ahinjaii, is deserilicd. 'J’Ih' pr.tient's serum had a titro of 1 : oOOO to y>V«Cf7/n and the organism was recovered 
oil culture, Tlie W. 15. and H. H. ('■. counts wi're 3,d00 and 4.4(UMl(>U per c.m.m. respeetively. The chief symp- 
toms -wi'iv umlulant fcv(>r. pnitifui swelling of loft wrist joint, headache and poor appctiti'. Speculative, treatment 
iiefnre diagm.sis v\i1]i injections of nrea stiliamine and I’eiiieillin were of noa.A'ail: T. A. B. shocks (4 injections at 
ijiti'i'vais of foui' d{i\s'l and ficntavnkmt antimony prc[iaratio.(i after the diagnosis w(>rc also found to )x- iuelfcetive, 
Afti'r if) w I cks of ilhies.-', natural recovery occni red. The authors consider the ease to lx* an imported one, as 
jihoiatus fevi'r is mikiH'Wn as an indigenous disease in Assam. 

(Bi iiei'llosis ill ui’gani/cd farms in Assam has licen found to the ('xtenf of 2d per cent, of tlie tested cuttle and 
goats associated with an abortion rale of 2 to b per cent.) | H. iv. Ij.j 


REVIEW 

A preliiiniinary Review of tlie us® of pemcillin in Veieriuasry Practice , 

h;"Iti:iAb ri3K.\lU'AL {(’JJAUMAl'KifTIt'Al.s) LtIi. 

A l inri'AV of the expf'rieuce gaiiieil <Iate of tViiieilliii in veterinary practice has iiceu jmblhhed, in a hooldnt 
b\ Imnei’ial Clicniicai (Pharmaceuticals) Ltd., Aldcrlcy Bdge, Mauehester for issue to vcicduiu'y surgeons, 
'i'he information has been obtained from published and private iv-port-^ from America, tUiiada, Australia and other 
countries, li' coidiuos a list of S.‘! rclermiees. 


ABSTRACTS 


A Case oS Brucellosis (Aboratus fever) M. S. K. Mofly (1945) 
ImL Med. Gar^. LXXXI (4-5) 



ORIGINAL ARTICLES 

INCIBENCK OF BKUCELLOSIS IN DAIEY HERDS IN BENGAL 


By Bam Nahain Mohan, A^eterhiary Investigation Officer, Bengal 
(Heceived for publication on 6 July 11145)* 


in l9tV2 of the scheme for the ap])omtment of a Veterinary Investigation Officer, with the help 
of fiintls from the Indian Council of Agricultural Research. The observations made have been recorded 

t n the various annual reports of the officers, but it has been considered advisable to present the 
esults in a consolidated form, especially because Folding’s [1943] publication dealing with incidence 

K f Brucellosis in India does not cover Bengal and Assam. Moreover, though the broader features 
f the abortion disease in organized herds in Bengal have been found similar to those noted elsewhere. 
If SOUK! of the oliservations have been quite interesting and instructive. 

lii M.ETHODS 

Ilf 

i|ii in the earlier period, from 1934 to 1941, the investigations were restricted chiehy to one or two 
|iPirn}»ortant herds, at least one of which suffererl a serious outbreak of abortions and still-births. Spcci- 
ISmens of lilood serum taken from aborting and other animals of these herds, were, from time to time, 
B and often repeatedly, despatched to the Indian Veterinary Research Institute, Mukteswar, where 
lii •‘subjected to the standard tube agglutination test. Later on, from 1942 to 1945, when 

|i periodical consignments of suitable antigen and a portable outfit for a quitik slide agglutination test 
receivG<l, from Mukteswar, the survey was extended to some more herds locirted in difhsrent 
p parts of the Province. Unpreserved specimens of blood serum, generally from all available adult 

( stock and sometimes including a few grown-up calves, were tested on the spot within a few to 24 
.hours, taking the usual precautions. The reactions obtained were mostly clea-r-ciit and the percen- 
tage of doubtful reactions was small. 

rj' While some consignments of antigen went bad comparatively soon, others remained well and 
ii::. discriminatingly agglutinable (checked against fresher consignments) for long periods, in one case for 
fiiiiyprore than a year at room temperature. 

The occurrence of positive reactions in any herd was regarded rather as an indication of the 
I’’ ^presence of infection in the herd than a correct and dependable index of the extent of infection. The 
f,i..;i)erd owners were advised accordingly and, where necessary, suitable hygenic control measures 
' w^ere prescribed. 

Is;# Results 

Tfie main results are summarizetl in Table I. Brief notes concerning individual herds and history 
of abortions, etc. in them are also given. It will be seen that out of thirteen herds tested, Brucella, 
ir inaction was definitely demonstrated in only eight. Herd No. 1, originally composed of Welsh 
and Sahiwal cattle and believed to have been previously free from infection, suffered a serious out- 
break of the disease following the introduction of a batch of Jersey cattle from Australia in February 
■•i'; 1934, The following figures give an idea about the spread of the disease in this herd. 


Year 

Average number of cows in the 
herd 

Abortions 

Percentage 

1034-35 , 

- . 75 (18 Jersey) . . . 

7 (Ail in original herd) . 

9«3 

1935-36 . 

84 ( do. ) ... 

30 (3 Jersey) . 


1936-37 . 

. 08 (25 Jersey) 

19 (6 Jersey) .... 

19-4 

1937-38 . 

3.00 

11 (9 Jersey) . , . . | 

11-0 


* Resubmitted for imblieatk 



Brucellosis in Dairy Herds in Bengal 

introduced along with the imported ami 
mtible) stock and later also among the jmport.oi 
ri(msly iiuin;fe(d;<^^^^^^^ 


Evidently, the infection was 
the original (more suscej '1, 
typical example of the dangers to which a prcv, 
additions are made. 

Among the herds tested, there were two ...... 

and in keeping with the history of abortions m them, one w.is hmn.l li« 
othc)', out of 15 animals tested, there were fourteen positive iiiiil tin. e .loul 

'.DiscossiON 

It was originally planned to test a large number of herds, but il was 
was neither practicable, since some herd owners could not be persuaded ti 
liecause in many herds abortions were reported to be either absolute 


111 aliiii’liii 


Xiuiilmi 

liiwtHd 


locality 


I'osUlv. 


Hcnl I'i.pufifiil I'l'ff inmi aliui 
tionstiU llKi;*. lOmircs i 
aliortions iludiiu’ l»:U-fO:l 

arii «iM‘U iu text, Hiiiinlr 

ill liitt rcvi'uh'il i>rm‘l)Cji!l 
no iiliortiim'* afti'f llUii. 


Welsh, Siihiwal aiul 
Jersey 


1 narjceliiia Hist, 


Kf'nl rciiorteil to have rumalueii 
Ketieralb frei* from abortioiiK, 
l.ut 111 four l ows almrU-U 
within the .spaff of livft 
mouths, 


Mixeil foreit 
liulian* ♦ 


Oitto 


Absolutely 


u) aboil ioiH for at 
yeais belore lest 
Iheii. 'I’ht! >-lunle 
an probably uou- 


Ayreshire aiul Jersey 


Ditto 


ami sjiii' 
reaeliuu 
spei'ilie. 


0 abortions until n;;,i->, 
IlUb, when seven ,;i 
abort ed within a. few niont 
four ilied .noon alter aiiort; 
Aliilpraetiee wan suspeeteU. 


Mainly Hariana 


Mldiiapore 


A ft! >ijra Im'd. Abort io. 
ete. have lieen iplltii frecpie 
all aloni;. Herd No. 
is (lie ei.iinlerpart. e.attle In' 
of this bulliilo luird. 


list, 2-l-inir!iai)as Ituffali 


Herd started in Itnt.S. 
inlrciiiienl abortlon.s. 


Plainly Hariana 


,1 Aliorlions rare; ti i 
si.x years belore tc.nt, 


7 Biirisal 


Abort ioiin very rare, 
hknml retained itlaccnl, 


0«e» 


8 Dacca 
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Dat« ol’ 
Test 

Number 

tested 

llcaction.'j. 


, Hisiory of abortion, cli;., and 
other I’PinarJcs 


LocidUy 

Ikeod 

Positive i 

Uoubt- , 
fill 

Negative 

a. 

•IJiU'oa 

Ciiflillu . 

S-i)-4;{ 

17 i 



17 

Praci ii-ally no a !jor< ion.s. 



Mainly Uariaiiu 

I'J-ll-rs 

25 


1 

25 

Abortioin wry rart*', one just 
before test. 

1 ! 

Jiacca 


ii-l-ld 

3i 

i 

1 


29 

AiiorLioiis praetically unkiiown 
until ii eoujde of cows caived 
lireiiiaturely and one. aborted 
rionu! time before i.e‘'t. 

C' 


Mixiid liulian 

S5-2-44 

4U 

IS 

3 

28 

Same as in fierd No. 5. 

1.: 

DiUiO . 

Saliiwai, Jliiriana, 
'riifirparliiir 

24-8-44 "j 
25.8-44 y 
30-8-44 J 

05 

10 

■ 2- 

53 

A few Iiirreijiieut abort ioiH ami 
allied troubles. Tlie tliree 

bulls tested proved negative. 





Total 739 

194 

21 

524 



Summary 

{{(‘.suits oi* 739 iig^lutiiiRtion tests for Brucellosis conducted in 13 dairy herds in Bengalare 
presenteid. Unicolhi iidectiou was definitely established in only eight herds. One of the two 
biilfalo herds exaniine.d was found positive with over 30 per cent reactors. The results corresponded 
well with history of ahortions, etc. While the incidence of abortions and percentage <^f reactors 
wert^ coni])ara.tively high in bigger commercial and other herds welcoming frequent additions, tln^se 
were low or nil in many sinalior Sfilf-contained herds. Majority of the herds in Bengal Indong to the 
latter class. 

AcKNO WnmXJlSM I3NT8 

Herds Nos. 1, 2 and 3 were tested at Mnkteswar through blood serum sent by my predecessors 
Messrs M. B. Menon and Balwant Singh. Tire paper includes some records left by them as well as 
some intormation kindly supplied by Mr. J. B. Bolding, formerly Research Officer, Contagious Al)or" 
tion, Mukteswar, with regard to Herd No. 4, which was tested by him when he visited Bengal. 
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THE RELATIVE RATE OE ABSORPTION OF DIFFERENT OILS AND FATS 

By V. IB lBiA{.fo?vAu, I). V knkatappiah and C. P. Anantaickishnak, Iniporial Dairy Resoarcii 

Institute, Bangalore 
(IBxieived for publication oil 10 JDetiember 1U4G) 

T HD relative nutritive value ol* natura,! oils and fats is generally judged by the rate of a ssiinihitioii 
atui the ])('.rcentage of utilization in the body. With regard to the rate of absorj)tion of 
dilierent fats, a, nuniber of investigations have been reported. Steenbock el al [1930] determined the 
co.n'i])arativt? rate of alisorption of different fats in experiments with rats following the technique 
of Irwin el al [1930] and indicated that in general lard and hydrogenated oils were absorbed at a.pproX‘ 
imateiy the same rate, while butter oil, halibut liver oil and codliver oil were absorbed at a more 
rai>id rate. Irwin et al [1030] found that hydrogenation decreased th<', rate of absorption of an oil, but 
the. Viiriatiojis in tlu' melting j)oint below body temperature were without effect. Basil and Nath 
fl9'10| found that there existed a real difference in the rate of absorption of cow butter fat, mustard 
oil, eoc<aumt oil, sesame oil and groundnut oil in a four hour jioriod, but after six hours all the fats 
were absoiBed almost to th(‘ same ('xtent. 

The pr(*sent i-ommunication deals with the, rate of absorption of the fats commonly occurring in 
India namely of butter fats of cow, buffalo, goat and sheej) of edible oils ; sesame, groundnut ; cocoa- 
nut, safflower, mustard an<l cotton seed, of wnanyalhieft from groundnut, sesame and cottonseed 
oils and of the liody fats from cow, buffalo, goat and she<q>. 

Experimental 

The technitpie of Irwin el nl [1936] was adopted. Adult rats from 4 to 7 months old weighing 
about 200 gm. were fasted for 48 hours, during which period water was given cal lihitimt. With the 
help of the st<»mach tube, 1*0 c.o. of melted fat was then delivered into the stomach. In a similar 
w'uy 1-5 c.c. of the fat was delivered into beaker and weighed. The average of three such weighings 
was taken as the weight of the fat fed. 

At the end of four hours after feeding tlie fat, rats were decapitated and the abdominal cavity 
o]Mmed. The stomach, intestine and caecum were removed immediately from the body cavity. 
Each section was filled with distilled water and after ten minutes the contents w^ere emptied' in a 
beaker. The sections were then filled with petroleum ether {40°D.— 00°C.) and after ten minutes 
the contents were emptied in the same beaker. The stomach and the caecum were cut wide open 
and washed thoroughly with a jet of water and petroleum ether. The intestines were stripped manually. 
The contents of the beaker were exhaustively extracted with petroleum ether, the ether solution 
wasnlehydrated and the solvent removed in a tared dish and the fat residue dried at 100°(1. for three 
hours and weighed. 

Ten rats were used for each sample. As the sex was found not to play an important role in the 
rate-of absorption by Irwin ei al [1936] the rats of both sexes were used. 

In calculating the absorption values, the amount of fat present in the stomach after 48 hours 
fasting was also taken into ccjnsideration. The rats were killed after the fasting period ami the fat 
extracted as before. 

Results 

The i-ates of absorption together with their standard errors of the mean for different fats are 
shown in Table 1. 

it esn be observed from Table T tluit the rates of absorption of the milk fats form the herbivorous 
animals of Indian origin range from 40*3 to 48-4 per cent in four hour period. Tim percentage of 
alisorption of cow and buffalo ghee is almost similar while goat ghee shows a slightly highei* absorp- 
tion. The body fats showed a significantly lower rate of absorption as comparerl with cow ghee^ 
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Rate of Absorption of Oils and Fats 


[X?II 


It was foinifl tliat at tlie end of four hours the stoinac.h of the aninials fcaJ body fats eontaiiied a- 
visible hard fat. This lower rate of absorption is probably due to the ln<di nuiliing point of i,he 
lat as seen liTim Table II. 


Tablk I 

The Ral(‘ of Atmrplion of Oils and Futs in 4 hours Digestion, Period 


No. 

Name of Fat 

Absorption 
(per cent) 

Standard 
(srror of 
the mean 

‘C fur 
siunificauce 
(All fats 
compared 
to Cow 
G]i(.i(‘) 

1 

Gow Ghee. M. P. 36'6'\h . . . . . 

45-7 

:1:2-C8 


2 

Buffalo Ghee. M. P. 30-;y'G 

4.ni-6 

:Li!*46 

n-02 

3 

Sheep Ghee. M. P. 35-4'’G. ........ 

4U'.‘{ 

•1- 1-60 

P.-w 

4 

Goat Ghoo. M. P. 34-3°G 

48-4 ' 

1 P4J 

U'88 

S 

Cow body fat. M. P. 49‘6'’G, . . . 

31-3 

i 0-77 

fi-lO 

6 

Buffalo body fat. M. P. r)2-.‘rC 

.33'« 

1-1-33 

3-91 

7 

Sheep body fat. M. P. 49-6°0. 

30-5 

dl-41 

4-97 

S 

Goat body fat. M. P. 4.9' 4°G. . . . . . , . 

324) 

I'OO 

4-67 

9 

Groundnut Oil. . . . . . . . . , . 

39-4 

1- (l•94 

2-20 

10 

Sesame Oil . ' 

4.')' f 

• t2-or. 

0-JH 

U 

Safflower Oil , . 

41 '2 

! 1'72 

1 -40 

12 

Coconut Oil iM. P. 27'6"C 

45-7 


O'OO 

13 

Mustard Oil . . . . 

27-1 

4 PAH 

r)'94 

14 

Cotton seed on , , . 

:W'9 

•;-7-r)i. 

P84 

15 

Groundnut V. M, P. ,‘14'r’O. 


J-M-l 

2’ 99 

16 

Groundnut V. M. P. 37-mO 

.34'8 

4-M16 

3-26 

17 

Groundnut V. M. P. 3U-0X^ 

33*6 

T(»'88 

4-23 

18 

Sesame V. M. P. 37'PC 

34-8 


3-.51 

, 19 

Sesame V, M. P. 38-7''U. . 

32-5 


‘pr>6 

20 

Sesame V. M. P, SO-SX’ 

3()'7 

' i-1-20 

5*09 

21 

Cotton seed V. M. P. 35'5”G. .... 

3<)'2 

d-3-r>7 

2-14 

22 

Cotton seed V, M. P. 37-3'’0 ] “ 

34-8 

4 - 1-79 

3*37 

28 

Cotton seed V. M. P. 38'5°C ’ 

30-9 

:i: 1-74 

4*42 


for aiguificauco == 2 - 262 , 


With regard to edible oils, mustard oil is Ibund to be least absorbed while sesame a.ud cio(;oanut 
oils happened to be absorbed to the same extent as eow ghee. The other oils, safflower, grotindmit 
and cotton seed, though they were absorbed to a lesser degree than co\n' ghee, did iiot'show a.uv 
significant difference, ’ ' 

Vanaspalhies, in general, are found to be less absorbed. If the rates of al)sori)tion f)f groundnut 
mnaspaihies are taken into consideration, it is seen that as the limiting point of the sample increa.ses 
from MOW to 39-(f(l, the absorption coiTespoiidingly de(*.reases fnini dIJ-o pei- cent toddhl ixw vent 
Though the sample having a melting point of M^rO. e.ompared iavourably well with groundnut 
oil, the rates of abosrption of other two vanuspathhies were signifhuintly lower. Tlu' rates7)f aJisorp- 
tion of the sesame as well as cotton seed vamspaiies showed the same trend, i.e., higlu'rtlie meh ing 
point, the lower was the rate of absorption. ;> ■ h 

This discrepancy in the rates of absorption of different fats can be partly explained by Ibliowimr 
closely the changes that take place in, a fat as digestion proceeds. This has been ihuie by analysing 
the intestinal residues from each group for B. K. Index, saponification value and the iodine values 
and the data are shown in Table JI. A glance at Talile ,11 reveals clearlv that there is an inerease 
m the B. K. Index and a lowering of the iodine value in the residual fat 
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Table n 


(Jlicm/iuU ( UmracImMicfi of the fats fed and the undigested fat remaining in the stomach 


aaiuiiii' 

Mil. 


JIaltiiiK 

point 

15. Jl. llaailiiiK at 
4(.)“C. 

loilijio value 

SapiHiillration valui‘. 

llssi(.9if‘rt Meirisel 
Viilue. 

Orisilifil 

UiuliscB- 

te<l 

Oi-iaiJiiil 

U ntli}i;es8- 
teil 

Orii-itial 

TTndiRPs- 

Ued 

Criffi tml 

lliidities- 

ted 

' '1 

Cow llutter lilt 

itO-o 

43-3 

47-8 

3(5-5 

31-5 

■2-20-6 

2 oo-r> 

•23-7 

1 8-2 

:> 

■BuHuIo lilt 

:itl-3 

42-3 

47-3 

32-8 

30-7 

224-6 

203-0 

•29-6 

17-S 

;) 

Coat BiiUer lat . 

34 -.I 

40-7 

47-4 

27-2 

23-7 

231-0 

228-7 

25-3 

18-0 ii' 

4' 

Slippp Buttiw 111! . 

:5r)-4 

45-2 

31-5 

33-9 

33-1 

■221-8 

•214-6 

■23-0 

18-8 

r, 

Cow hntly fat 

40-6 

43-4 

4S-3 

29-7 

27-7 

203-6 

192-4 



« 

Bniliilo hmly tat . 

52-3 

44-4 

49-4 

31-2 

24-1 

191-6 

191-2 



7 

.Sli(‘(']i holly fill 

4!)-(i 

40-2 

34-0 

3(5-1 

3-i-O 

197-3 

191.-6 




Coat hoily fill . * . 

411-4 

40-3 

31-7 

32-4 

23-3 

198-9 

198-7 



U 

I'OCOllUUl !)il 1 

27*« 

35-0 

39-8 

8-2 


259-0 

•231-4 



10 

StIKUlIC oil . 


50-3 

09-9 

101-9 

70-9 

19()-6 

184-9 



■;r! 

SnlHowi'r oil 


00-5 

72-3 

112-8 

(59-0 

102-0 

184-0 




Oj’oiiialinit oil 



01 -8 

87-5 

(57-3 

190-5 

187-3 




1 i.'otloii .-it’i'd oil . . 


«0-0 

118-15 

99-3 

.39-1 

191 -6 

188H) 



■ , 14 ■■ 

1 Mn'’iai’il nil . 


fiO-2 

l58-v8 

09-2 

(50-4 

170-9 

197-0 



: 15 

Croiiinlinil ViiiiiihpaUii . 

34 -1 

34 ■« 

39 ■« 

78-7 

59-1 

199-0 

191-7 



10 

Ditto 

37-0 

32-tl 

39-8 

73-5 

37-7 

108-2 

187-4 



17 

Diilo . 1 

31M1 

31-7 

53 -8 

<59-8 

3(S-.3 

197-4 

189-0 



IS 

Si'siuna Viiiiiihpati 

37-1 

30-(> 

35-9 

(58-4 

651 

191-3 

186-'2 



JO 

DiUo 

38-7 

3()-4 

.33-1 

(53-3 

(50-2 

189-6 

183-9 




Ditto 

30-3 

30-0 

54-9 

(S2-(5 

30-7 

187-3 

183-9 




(‘i)t(oiii>tTil vanaspiithl . 

35 a 


.315-1 

(53-8 

34-9 

193-7 

]94-(.) 



lii! 

.Ditto 

37-3 

3M 

34-4 

(58-1 

(5(5-2 

189-3 

187-4 



'JM 

Ditto 

38-5 

31-0 

53-3 

(57-8 

(56-9 

190-9 

170-5 




I it is alsD seen from Table II, that there is a lowering in the saponification value and Reicli'ort- 

i Moissel value of the butter fats. Though the differences are not large, there is an indifiation that 

I the short chain fatty acids are more readily absorbed than the long chain fatty acids. Tliere is not 

^ so much lowiM'ing in the iodine value as in the case of oils or vanaspatkies indicating {irofereiitia] ab- 

^ sorption in the gastro-intestinal tract of the short chain acids as compared to the unsaturatied a,cids 
in case of butter fats. The pi-esence of lower fatty acids in the butter fats is a probable exfilanation 
of their (iui<‘.ker absorjition as compared to the other fats. Gocoanut oil also behaves in the same way 
as buttei- fats, as is seen from the fact that the saponification value of the residual fat is lowered 
considerably from 2r)9'() to 231*4 indicating a quicker absorption of the lower acids. Iji case of 
the liody fats thei*e is no definite indication except the fact that the unsaturated acids are alisorbed 
proportionately more as evident from the slight lowering of the iodine value of the undigested fat. 
There is a marked <diange in tluj nature of edible oils during the digestion. The iodine value i.s almost; 
reduced to two-thirds in all the oils except cocoanut oil. This leads to the conclusion that the an- 
i saturated acids, namely oleic and Hnoleie, are more readily digested than the saturated acids. 
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The lowering of absorption of the oils by hydrogenation may be explaitusi l.y ehetuicul chauges 
that are brought about during the process. The linoleic acid is converted lo oleir and iso-oleic acid 
and finally into stearic acid, thus the proportion of oleic and linoieic acids grtidualiy (Uwreasc with a, 
proportionate increase in the stearic acid content. This lowering ol tlu^ unsatiiiratcd aeid 
in the fat is jn’obably responsible for the lowering ol its rate of absorption. 

It is thus seen from the results that the short chain fatty acids aiul the imsatiiratcd acids, 
particularly oleic and linoieic acids, are more readily absorbed tlinii the lone; cliaiu s^d-nrn.t(^d latty 
acids in four hours absorption period. 

Summary 

The lealtive rate of absorption of cow, buffalo, goat and slic-ep butter Fats, tin' body hits ol cow,, 
buffalo, goat and sheep, the vegetable oils, eocoanut, sesame, groundnut, coltonsci'd, salllower and 
mustard, the hydrogenated groundnut oils of melting points of 34-r’(.'., ;V7*0'T\ and liU-tVd the hydro- 
genated sesame oils of melting points of 37*1°C., 38*7°C., 39*3‘''C. and tlic hydrogenated cnttonseiMl 
oils of melting points of 35-5°r., 37-3T. and 3S-5°C. were determined aftf'r four liours by feeding 
1*5 c.c. of each fat. The undigested fats in the alimentary canal wm’e also examined for ( heir chemical 
charaeteristies. ’ 

it was found that sesame oil un<! eocoanut oils were absorbed at' the same rate us cow butter 
fat, while sheep butter fat, safflower oil, groundnut oil and cottonseed oil were absorbed s<)mcwlia,t 
more slowly, but the absorption was not significantly less than that of (-ow g/irc. All the body fats 
and hydrogenated oils were significantly less absorbetl as eompare<l with cow ///u'c. It. wa.-i also found 
that hydrogenation lowered the rate of absor])tion of an oil. 

It is suggested that the short chain fatty rndds are more readily absorbial than tlu* long chain 
fatty acids and among the long chain fatty acads, the unsaturated acids are more readily absorbed 
than the saturated acids. 
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ebsazukin test foe assessing the sterility of dairy utensils 


for publication on 13 Jiine 1947) 

I T is well known tliat dairy utensils and milk plant, which are not thoroughly cleaned and 
ellii'iently sterilized, rcpi-esent the most important sources of bficterial contamination in milk. 
Accordingly the efficiency of the methods of cleansing and sterilization in a dairy is recpiired to be 
cii(-cked periodically by t(;stiiig the eA|iiipment and utensils for sterility. For this purpose the plate 
counts of either the rinsings or of swalis are most widely employed. Since absolute sterility, i.e. 
complete frei'ilom from all living organivsms, is impracticable under commercial conditions, maxiniTim 
limits of plate counts are allowial for ilifferent types of utensils varying from 10 per ml. of rinse solution 
in tlie case of liottles to 100 per ml, for miliv pails and 500 per ml, for churns [Chalmers, 1945]. An 
official tei-hniiiiie for tlu^ examination of washed churns and suitable limits of plate counts for evaluat- 
ing tin; elliciencv of farm sterilization methods have also been prescribed by the British Ministry of 
Agricull.iirc [JOloj. The plate count method is, liowever, comjilieated and involves considerable 
d(‘!ay in obtaining resfdts. Tlu' presumptivi* coliforni test which has also been used for the purpose 
is not found to be of much vaJut.y particularly in the case of bottles [Mattick and Hoy, 1937 ; Bark- 
worth, 194IJ. • 

Thomas [1913J sipugestisl the use of resazurin as a simpler and cpiicker test for detecting churn 
sterility. The method was subsequently modified by Davis and Watson [1943],' according to whom 
tlx*, rinse solution b'om the elmm is added to sterile separab'd milk and incubated at 22°Ck for 24 
houi's. The incubated sample is then subjeci-eil to the resazurin test ami if the citlour is not reduced 
to a lilac shade (disc 5) iu Iiali' an hour, it is an iiidi(‘.ation of a. sa.tisfactor}’’ degree of sterility in the 
churn. Discs 5 to 31, are taken to denote a ’‘doubtful’ condition wliilo reduction to disc 3 or below 
is an index oi' unsatisfactory condition. A good agreement between these resazurin standards and 
the jilat.e count limits laid down by the ftlinistry of Agriculture was found by Davis and Watson. 
T’he application of this for examining the commou dairy utensils used for handling mill!: in this 
eountry woidd be of great practical value iu improving the bacteriological quality of market milk. 
Home modifications in the technique and interpretation of tlie test may, however, be called for in 
view of the difTereiit elimatic a,nd environmental conditions prevailing here. The present study 
was carried out witli the object of examining the suitability and reliability of the resazurin test in 
comparison with plate counts for determiiung the stiu'ility of bottles, milk pails, churns, receiving 
tank and cooler. 

Expeimmental 

The tests were carried out on milk bottles lb. and J lb.), milk pails {10 lb.), churns (100 ib.) 
receiving tank and cooler (surface type) after cleaning and sterilizing them in the following nuinnor 
so as to [woduce in them degrees of sterility ordinarily found in utensils handled iu commercial dairies. 


BoIUch 11), and lib.) , / Scries 

11 Series 


Fails ... , 1 Series . 

1 1 Series 


Churns . . 

lieceioing lank and cooler 


Washed with wa,shin<j; soda ajid soajmnt powder 
rinsod with liot water (7U''C.) and dried iu air for 
4-5 hours by liolding thoin raoutli downwards in 
a slanting position. 

WashcHl as above and tlien sterilized in hot air oven 
(J(>(P-170'’C.) for one liour, two hours ain] four 
hours rc'spcctivoly using three separate l)ut.eliee 
for each treatineiit. 

Washed as above. 

Washed and steamed for two minutes with a steam 
jet and dried. 

Washed as aho\e and .s1,oiuno<l for five, minutes 
with a steam jet and dried. 

Washed and steamed thoroughly in all parts by 
means of a iiose pipe and dried. 


By E. D. Aihara ami 11. Laxmtnarayana, Indian Dairy Eesearch Institute, Bangalore 
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Besaznrln Test for Assessing the SteriiUg of Dairy Vlensds 


Tlu' washed or stetihzt'd utensils as mentioned below were tfiorou'^idy rinsed with ((uui'ter- 
strength liinger s solution in <|iiaiitities indicated against each* 

Hafpoatutbo^ . , . . • . - - • • • • • 


One ]>o«ud bottles 
Milk pails . 
Ohiirns 

.Kcceiving tank 
Cooler 


ISO mi, 
.■>00 ml . 
.■>00 ml , 
;>00 mi . 


in the case of the cooler, the whole surfa(3e was thoroughly scruld)ed with a sterile brush using 
600 ml. soluthm for the ]mr])o.se. The utmost precautions were ob.servt'd ,so as to carry oat tln^ opt'.rar 
tions under aseptic conditions and absolutely sterile apparatus was use<l for j3erl\)rniing the, t(‘sts. 
Slight exposure to outside contamination could not, however, be avoided in the cns(‘ of the rciceiving 
tank and cooler. In all the trials controls were employed and wherever extraneous contamination 
was suspected, the results of suc.h experiments were discarded. 

Plate munis. Portion.s of the rinsings {1 ml. and !.l ml. in the (last' of sterile utensils a,nd suita.l>h! 
dilutions in other cases) wei'e plated in. triplicate on milk agar. The jdate.s were incubated at 37 ’C. 
for 48 hours and averages of the cokmy counts taken excluding those showing inort' than 20 jun- cent 
discrepancies. 

Premniptive colform test. Portions of the rinsings in appropriate serial dilutions were test.ed 
for the presence of colifbrm bacteria in McCoiikey broth tubes (duplicate) after hs hours" iinnibat ion. 
Negative tubes were incubated for another 48 hours and the reactions noted. 

Resetzunn test. One ml. ])ortion of the rinse solution was added to id ml. sterile separated milk 
(aged for not less than two -n^eeks) and then iiicuhate.d at 22"(f for 24 hours. Tin* im-uhated samph? 
was then thoroughly slnilveli, one ml, of 0*005 pei* (nmt re.sjizurin solution added and tlie. resa,55Ui'iu 
colour changes at 37°C. aftei* 10, 20, 30, GO, 120 and 180 minutes ohservrd using the standard tk>ni- 
parator for com])armg the colours [.Davis and Watson, loc. cit.J. 

In the course of the preliminary trials with bottles, it was Ibu, d that, the incnhat.ed samples \n 
respect of both the washed and jjartially sterilized series, invariably showed a rapid re.sazurin reduc- 
tion (pink or colourless) in 30 minutes. This was |)r(>l)a,l)ly due to tln^ long iuc.ul)ation of 24 hour.'i 
allowing an undue development of the initial flora. Furthermore, any substantial shortening of this 
period would help in considerable .saving of time in obtaining the results. Aci'orditigly other time,- 
temperature combinations for incubating the rinse, samples were tried out. {)f tht‘.se, imaibation 
for 16 hours at 22°C. was found to give mo.st .satisfactory results and was also conv(>uient a.s it e.<n‘res- 
ponded with the farm routine. Hence the resazuriu test was (jarritsf out on rin.si- samples incubated 
for 16 hours at 22'’C. 


linsi'L'i's 

The mean colony counts (per ml. of rinse solution) obtained in resf>ect of diilereiit utim.siis and 
the corresponding resazuriu reduction stages at the end of 30 minutes, one liouj- and two flours are 
given in Table I. The resazuriu colour shades (blue, lilac, mauve, pink muu\'<*. purple pink, jiink 
and white) are expressed in terms of disc uumhers 6 to 0 (indicated on the n'sazurin comparator) 
for facilitating interpretation. There was no aj)y)rec.iable colour change at the eiai of |o minutes 
due to the interval being too short and the reduction after tliri'e hours had invariahlv adva.nei.'d to 
-either a pink or colourless stage in almost all ('.ases. Hence, th(‘.se observations are not inclmh'd in 
the data. The re.sult.s of the coliform test for each group of" .samples are also gi\*en. ' 

It is seen that the resazurin colour changes (di.s(! numbers) are fairly ('omparahle wit.h jdatis 
counts in bringing out the marked difference between wa.shed a.tul .st(*riliz(‘(l iitensils in t:.lieir .*^tandards 
of cleanliness. There is, however, some discrepancy ohsi'rved in the ea.st* of om* |b, bottles .since 
the washed series also show high disc numbers comparable to tlio.se of the sli'dlized om\s. P>v inen'a.s- 
ing the period of sterilization from one hour to two and four hours slightly higher di.se numla'rs are. 
obtained. The plate, counts for all the groups of sterilized bottles, with the ('xi-iiption ol' half pound 
bottles subjected to .sterilization for one hour, are below JO per ml. of rinse, .solution Isat.isfae.torv 
standard according to Chalmers, 1945] and the corresponding r’e.siizurin di.se numhers ai '(5 above 
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5 And '1 at tin* tmd oi .‘30 mimite.s, 1 hour and 2 bourw respeotively. In the ease of milk pails and 
churns (siihjertiMl l;o steaming) the plate counts are below KK) and 500 per ml. ]■< spectively [‘^atis^^lc- 
tory' ■ 1 'halmers, .1 015 j, while resazurin is reduced to disc 5, 4 and 2 respectively in the above intervals. 
Th(^ re<‘eiviiig lank and co(iler hav<'. registered very high eouiits with rcsa,zuriii reduction going up 
to a colonriess sfuge (‘.V(m at, .‘10 minutes. I’he latter phenomenon is o{)viously due to tiu^ presence 
of huge numbers of iu;tiv<dy reducing tyjs^s (mainly lactic streptococci aii<l micrococci) in tlie.se 
utensils w]ii<‘!i are not, easily elimiiiate<l. The application of the resazurin test in the present idrni 
does Tioi, tiuu'efore, ])rovidc any useful information in the case of the receiving tank aiu!. cooler. 
The ('.oliform t,est has given uniformly negative results (except for the last two categories) and does 
not a})])<‘ar to be of much value in judging the efficiency of sterilization [Barkwortli, loc. cit.j. 

TAliLE 1 


Comparixoti of plaiv (‘oiuif, t'eaazuriii mlwtioif. and (‘aliform test far different ulendh 


'J’yitc (A iiton.sil iiiid t,rcalmciU, lijiveu 

Number 

of 

Pliite count 
per ml. of 

Alcan resazurin disc number for 
incubated .samples at the cud of 

Presuuxptive ooli- 

.samp]<.‘s 

{(1(50. Mean) 

30 minutes 

1 hour 

2 iurarH 

form test 

JioUh^n {S-IO ox.}-- 

WaslKHi only .... 

11 


31 


1,'. 

"" 

1 ml. 

StoHlixed Tor ono hour . 

4 


r)| 


n 

1 ml. 

fcjtmiized for Iwo liourn 

4 

a 

(i 

u 

ol 

1 ml. 

ytftrifiised for four hours 

4 

(5 

0 

5f 

5 

J ml. 

Bottka {/ lb.}— 







Waslujtl only .... 

li 

(id 

i)l 

44 

3 

1 ml. 

Storili'/ed for ono hour . 

4 

3 

.'ll 

44 

3 

i ml. 

kStoriliKotl for hoiU'K . 

4 

(1 

(> 

a i 


Iml. 

kSt«rili/,(:if for four honr.s 

4 

Cl 

ol 

4'' 

•ii- 

i ml. 

Milk puilfi— 







Waslu’d only .... 

m 

•i,47y 


2 

bf 

10 ml. 

fcJtfjaniod for 2 minutes . 

11 

7 

o 

4 

2 

10 lai 

'Cfmrm — 







Stfiiiniod for .‘5 minutes . 

u 

431 


4] 

2| 

10 ml. 

tmik — 

Ht(!anu;d for o minutes . 

y 

1514, 300 

1 

0 

0 

(pos. in) 

1 ml. 

‘Qix/hr— 


104,700 

0 

0 

0 

1 ml. 


On the basis of the a,b(jvc data resazurin redue.tion uj) to disc 5 (lilac stage) in 30 minutes may 
be tab(m to indicate a satisfactory degree of sterility in the case of ]>ai!s and churns while a higher 
resazurin standard (say disc 5^) can he obtained in regard to bottles, ft is also clear that there is 
no advantage in observing resazurin colour changes l>eyond 30 minutes. The discrepancies slunvu 
.between bottles and otlnn utensils may be ascribed to the highcir limits of bacterial counts allowed 
for the latt(‘r a,nd also tlu‘- diffin'cnt types of flora surviving in the utensils after the washing and 
sterilization tr(‘atments. In the case of bottles the predominant organisms were found to l)e siapliy- 
loc{)C<‘i and uiicroc.o<‘,c,i,, while lactic, str(?.ptococci were most f)rominent in rins(‘. solutions from pails 
and churns, Tlu‘ latter organisms are known to grow faster in milk and also reduce resazurin mure 
.actively j Jones and Davis, 1944). TIuj British workers [Davis and Watson, loc. cit.'J have sugge.sted 
that reduction of resazurin to stages higher than disc 5 (lilac) should ije regarded as indicating 
satisfactoiy churns. (Considering the differences between tlui two countries in respt^ct of (dimath) 
.conditions and nature, oi‘ hactt'rial flora in milk, the slightly lowtn- standard ofdi.se 5 indicated in the 
})resent study a])pcars to be suitable. The same stamlard can also be, adopted in the case of bottles 
without giving j-i.se to any .st'.rious errors of judgement because in actual practic/e it would be diffie.iilt 
to distingui.^h bel wcsm di.ses 51 ami 5 while the d(welopment of a sliglit mauve colour (lower than disc 
■5) is more, cJcarly d('t(H)ted. 
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Remzufm Test for Assessing the Sterilitg of Dairg UlensiU 

The comparative efficiency of the resazuriii test in detectinj' stfo-ilized uttMisils 

(taking reduction up to disc 5 or lilac stage as a eriteriou of satisfactory c.ondiliou) is furtJicr cxahiiiitsl 
in Table.li. , 

Table U 


Gradt/n(f of utensils on plate count ami resazurin test 
(Figures in the Table represent number of samples distributed on the. two scales) 


Name of uteiwil 

Plato count grade 

NniuiK-r of 
sample-: 

Ulaswifieata 

iSati.sfaetory 
(Disc 0 and 
higlier) 

in on 

le 

Unsaltsfae 

tory 

(Delon di,M> 

5,1 

Botl'iCH 


iSatisfuctory (be ow 10 ))er ml.) 


12 

, 1 ■ 



Unsat ifiP'.etory . . . , 

IS 

s. 

, 10 ■ 

Pail-: 


Satisfactory (bepAV lOO per nil,) 

■ t'l 

, . ft . 

! 



Unsatisfactory , . , 

■ 12 

- 2 '■ 

10 

Churuti 


Satisfaetory (below bOU jii'r ml.) 

" 0 

r> ' i 

1 



Unsatisfactory . . . . 

. 2 

2 



Out of 25 utensils satisfying the plate count standard. 22 are jrassed by the i'i‘s:izurin test and 
of 32 utensils failing on the former scale, only 20 are, condemned by the latter test. On tin' other 
hand 20 out of 23 utensils failing the resazurin test arc also (.‘omhumied on tlu' plat(' count stmulard. 
Thus, the resazurin test, although eapable of deteeting most of the eilieiently or inellhitmtiy st('riiized 
vessels, fails to pick out an appreciable number of samples condemned on the plate count. This 
anomaly is easily explained considering that (a) the slightest contaminatiou occurring at> the thne 
of plating and other inevitable, sources of (‘rror in tlie technique will give rise to a higlu'r count without 
affecting the reduction test to the same degrets and (h) tiie flora sui'viving inelhcient sterilization in 
some cases (e.g. bottles) may be of an inert tyj)c without imuh infiiience on the reduction of resazurin. 
Accordingly the resazurin test would a])jH.*ar to be less sensitive aiid accurate l.lian plat(‘ ctuint iii 
detecting faulty methods, while it is more reliable in indicating the pres(mcc ol' actively rctlueing 
types of organisms that have survived in the containers and which are aj>t t(i britig tlowii the. keejung 
quality of milk. In any case failure of the utensils to pass the resazurin sfuiulard is a detinite indie, a- 
tion of inefficient methods and this factor is of sufficient ])ractieal value in conti'oiling tin* oixautions 
under commercial conditions. 

It is possible that many samples condemned by the resazurin test may come* uud(‘r the ‘ doubtful ' 
class suggested by Davis and Watson floe, cit.]. The present data have not pj-ovided any basis for 
fixing up an intermediate standard. .If the object of applying the test is to deterinim,* wlu;t}i(*r the 
method of washing and sterilization of utensils is effective enough or not, tlie pi-ovision of any such 
intermediate grade has no practical significance. Further ap])lication of tJio lest under ai'tua! com- 
mercial conditions is necessary for elucidating the above [joint. 

Summary 

The applicability of the resazurin test for assessing the sterility of (h'dry utensil,-:, e.g. boith*,-;, 
milk pails, churns, receiving tank and cooler, as a means of checking the etj’icicucy ol‘ tin* dcausiuJ 
and sterilization methods in the dairy has been examined. 

2, The resazurin test was carried out on rinsings (1 ml. mixed with JO ml. sterile separatt-d niilk: 
and then inciihated at 22''G. for 16 hours) and the colour changes in half an hour (at 37'{’.) fairly 
agreed with the plate counts of the rinsings. Resazurin reduction to a stage not; lower than disc 
5 (lilac shade) was an indication of satisfactory quality in all the utensils. 
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A UOMPAliATRl*:; mVDY IN THE USE OF DIFFERENT MRDfA FOR THE 
ESTIMATION OF OOLIEOBM ORGANISMS IN MILK 

A. KKI^H^^‘\S\VA^1Y ANI) IIMjA^mjnarayana, Indian Dairy Research Jnstitiite, Ihuifiiilore 
(llmiviMl tVa August 1946) 

I N VIEW of’ f fuH iiupoj'tunci* attached to the presence of members of the c;(>]i-aero;»;enes oTt>iip 
ill milk and millc jiroducte, the attention of workers in the held has been focussed on tin' develop" 
meuf. of’ suitabhi methods for their detection and estimation. The dilution extinction method 
(originally introduced by Lister) using various liquid media has been widely employed for the purpose 
and recently plating on solid media for the emimeration of eoliform organisms and tlie direct differentia- 
tion of roll and neror/e/iw types have also come into practice. Most of the media were originally 
introfliu'ed for water analysis and subsequently suggested for the examination of milk, 

Mm.'Conkey’s hu'tose peptone bile hroth [1905 and 1908] has been almost exclusively used for 
the Jlr<^slun})tiv<.' eoliform test in England [Ministry of Agriculture, 19M] while in the United States 
a standard lactose broth, differing from fhci former mainly in the omission of bile salt, was in general 
use for a. long time. The serious ilrawbaeks of the latter medium in permitting the growth of other 
typi'S of organisms and giving many false positives were realized early and this led to the introduction 
by various Anierieau workers of several selective liquid media, which, whih' permitting the growth 
of eoliform buctej'ia, would inhibit other organisms. Two of these namely, two per cent brilliant 
green bile broth blordani, 19‘27] and formate ricinohMite broth [Stark and England, 1935J have been 
generally riiganh.'il as most satisfactory [Farrell, 1937 ; McCrady and Langevin, 1932 ; McOrady 
and Archambault, 1934- ; Noble and Wdiite, 1935; Babel and Parfitt, 1930] and they are now re- 
comnu'tuh'd for- the presumptive eoliform test in the bacteriological examination of milk in the 
United Htates {American Pulilic Health xVssociation, 1941], 

Holid media were originally employed for differentiating between the various members of the 
vaii^aeroifencii group and confirmation of positive broth tubes in the presumjitive test. MacOonkey’s 
agar 1 1995] has been most c.ummonly employed in England for the purpose, although several other 
selective media namely, Eijkman’s medium, Simmon’s citrate agar and Koser’s citrate medium, have 
also been used for di.stinguishing between the two groups [Wilson and colleagues, 1935]. In other 
countries, Endo's [1904] medium, litmus lactose agar, Levine’s [1918] eosin methylene blue agar 
and recently violet r('d bile agar (Difeo laboratories, U.S.A.) and desoxycholate agar [Liefsoii, 1935] 
have been widely used. 

The employment of solid media for the enumeration of eoliform organisms and direct differentia- 
tion of (vU anfl {(frogenes typ(\s have* jceceived attention only recently. Its main advocates have 
been Tomiey and Nolile [1932] who recommended a complex ferrocyanide citrate agar medium. 
,K.on [1932-33] could not get clear-cut results on any of the solid media suggested by previous workers. 
Wilson et al [loc, cit,] conclude that MacUonkey’s medium {whether liquid or solid) is of great value 
ill the estimation of eoliform bacilli. According to McCrady and Archambault [loc. cit.], Bartram 
and Black [1937], Babel and Parfitt [loc. cit.] and Miller and Pricket [1938] violet red bile agar gives 
most satisfactory results in 24 hours, while Chilson and Eglinton [1936] and Yale [1937] advocate 
the use ol’ desoxycholate agar. I’he last two media namely, violet red bile agar and deso.xycholate 
agar, have now la'cn reconmiendetl for the presumptive eoliform test in milk and eosin methylene 
blue, or Endo’s agar for subsequent isoiation of colonies for confirmation and identification 
[American Public Health Association, 1941 J. 

Althougli no legal standartls or oifiiual methods for the bacteriological examination oi’ milk 
have been prosiu’ibed in Imlia, the presumptive eoliform test using MacConkey’s broth [I\linistry 
of Agriculture, 1934] is muployed in certain public health and dairy laboratories for assessing the 
hygienic, ipiality of water and milk. tJunningham and RaghaVachari [1924] and Raghavachari 
[1926] stuflied the ajifilication of somi' recent methods of differentiating lactose fermenting organisms 
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in fiuces roil milk ami water Indian ('omlii.ions and tunnel tluit Mac( oid^cy s hdc salt hutuse 

broth wis the must suitable medium lor th(‘ i)uri)us('. A similar runehisiun lia. been namhed by 
•Rao'havaehuri aiid Siiarama Iver jltWl, ItWIi and llKJbl, who examimsl the ns,> ul s(>veral media 
foim-stimatina eoliform euntaniinatiun in water. In his studies on the tyjx's ui enhai urmunsius 
present- in milk , applies in Pusin Walton [liKil t used .Mae( Rukey's hreth with htnms as .-t st'h'etsve^ 
medium for the det<‘ctiun ami {growth of eoliforms ami hhido's a.uar for etudirmme t hem. 'I'he use oi 
solid media for estimating eoliform organisms in Indian milks does not seiun to have nsa-ived atK'u 
tion. 

Them is thus c.onsulerable divergems^ of (.pinion as to ila‘ hest^ nu'dinm for eurrymg (Uit ihe 
presumptive eolifoim test in milk. While, the hhiglisli W()rkers favour MePoiikams In-oth. tlu^ 
American’ authors recomimmded sc-^vt'ral li((uid as well as solid media for the purpose. Tht* most 
kitahie one from among tlann may 1)(^ selected and mhtpted for iis(> in this eountty'. it is W(dl known 
that the nature of1)ueterial Horn (ie\eloping in milk is eharaeteristic- of the elimatie and environnamta! 
conditions and since India differs so widely From tlu' wa'stern numtries itmhes(‘ ivspi'ets. .any l)a(;feno- 
lotd.cal test or medinin (‘volvial tluav, must Ixi examiimd for its a])]>lieahiiity as well as irliability in 
testing Indian milks before aeeopi.iug it with eoidithuKaa Aee(U-diugly the p)vs(‘nt study wasundoi- 
taken^ibh a vi(^w to e.ompan^ sonu'. of the well-known litjiiid and .solid media availabh' fur Ihi' 
estimation of eoliform organisms in milk. 

ExriSRlMKN'rAl- 

Media Mnitand. The foll(.iwing media, wliieli could he obtained hiealiy <a' prepared in tli 
laboratory from available materials, wer(( compared for (estimating t.he eulifoian orgauisnis in milk 
by the dilution and plating nmthods : 

' Liqwid nadia Sidid atedut 

MacOonkey's broth yta(.:taud\(:y' s agar 

F(>imiattM'i(:in()h.nite luxTh Kndo sugar 

Brilliant green bib.* broth .Eo.sin na'thylene blue agar 

Violet resl Idle agar 

Witli the exception of Mae.t.'onkey’s bj-otli, the media were (a»us(itut(Hl from th(‘ Difeo d('hv<irat(‘d 
products (TJ.S.A.). The lUacConkev's broth was prepared in this laboratiuy atx'ording to iluf formula 
given by ( balnmrs IHklb], 

In- the course of tlu* investigation, tin* Dife.o ].>r(.‘paration of Maet bnlnw’s agar was exhausted 
early aud fiirtlnu' quantities could not he olUaimid. Some pixdimimnv trials U(Mv, t Iteridorm innhu-- 
taken to pre])art^ the medium iu this laboratory. A uuMliuin prepansl from oi dinary ingix'difmts 
according to the formula giv(m by (.'haltru'rs [11145] or using Dileo formula, gave wry unsat isfaetory 
results. The chief trouble seems to lie with the cpiality of peqUoms bile salt and indicators, as a. 
result of wdiich characteristic colonies of c(diform organisms eonld not be olttaiiu'd and othm- typ(‘S 
of organisms could not he prevented from growing on the nuMlium and giving inishmding v(.;sults. 
Ultimately the following composition, employing Difro ingredients and a suitable (.-oncent ration of 
the indicators, was found to give satisfactory results coin])aral)l(^ with thos(' yi('lded by tlu* d(‘hydrai(Hi 
product and was ado])ted in subsecpient wmrk ; 

Bacto-peptono .... IJ.mii. 

Protcoso-pei»tuiie .............. It ym. 

; . . . . . . , . . ... . . t(r}j;a). 

Bacto “bile salts .............. 1 •.’> .unt. 

^ . .... . . ... . . . . b gill, 

'Sbrntagaiv. . . ... , . ITgm, 

Keulralretl (B.D.H.) (0-rt pev cent iKjueous solutiim) ....... (ini!. 

Crystal violet (B.D.B.) (0-1 per cent aqueous snlution) ....... 2 ml. 

Tap water 1 litre. 

(Final pH 7-1) 

All the media were sterilized at 15 lb. pressure for 20 minutes and incubated at 'M U. for :i to 
4 days for detecting and weeding out any contaminated tubes ludbrii enqdoying thmn for the ex- 
periments. 


m: 


M, A. Kribhnaswamy amd H. Laximinarayana 




Pfvsiiuiplhr IvhL lltn'i*. succcsisivtis fcenlbid dilufciouH of the milk sample (coiTcs[K)ii(ling to it-i 
geijern! lev*'! oJ‘ iiadt'nologioal <jn»lity) were prepared in .salino water in the iisdiil manner, Lf'.,})y 
iuldiiig oiu‘. niiiic to U tnl. of saline water for making 10-' niJ, dilution and prejjariiiu' furi'her 

dilutions from the l;i.lt(>r. Wtun'e tin? <lilntion series started from 10-- ml., one ml. of origiiui milk 
Avas added 1(i \)\) mi. water to nmke up l0~-ml. dilution and subsequent dilutions m;u!e from it. in 
the sanu' nnumer. Om* ml. portions of ea,eh dilution were inoculated into the tiire.- i)i'oth {liquid 
me<li;f) l.iibes in triplicate and also plated in <luplicate on the four solid nietiia. After the aga,i‘ iuni 
soliditied in the })e,tri dishes about i ml, of the same medium was poured over it in order t.) prevent 
the fontiation of atypical surfa<M; colonies. The broth tubes as well as tlm plates were inciii)atfa[ 
at 'MW atid I'xumimvi after 21 hours and 18 hours in the beginning. All the liquid media which 
wen* t.o show t lu*. ]>roductiou of aci<{ and gas did so invariably in 24 hours and there was no advantage 
in continuing tin*, incubation for 48 hours. In the case of plates, the maximum iiiunber of eolunies 
wert* obtaiutMl i}> 21 hours and further incubation only resulted in an increase of riie size of the colonies 
and in many inst,inc(>s it }>evmitrt(M{ the growth ofciM'tain slow acid producers which gave misleading 
results. Ae.<'<irdiugly, afj,(‘r making obs(*rvations at the end of 24 hours, only such of the tube,-: aiid 
plates as ga.ve negative m- doubtful results were incuba,ted for further 24 hours and observiid. None 
of tJu'ui, ]it)W<'Ver, ga,ve any posit.ivu' reactions at tJie eiul of 48 hours. The production of acid and 
gas (mon' thari U) ]>er cent in tin' Durham’s tube) in at least two out of the triplicate broth tube.s ,-iid 
the appeartuict' on tlie, plades of typical dark-red or brie-k-red coloni('s of at least ()*5 m.in. in diamtU'.er 
and not less tha,n live (a.v<‘ra.g)‘. of duplica,t,t‘s) in uumbei- were taken as positive; presumptive evi<ience 
of the presence of coliform organisms in a)»y particular dilution. The total number of coliform 
colonies on the pia.tes \va.s also e-ounted. 

doiitflrlrd h'dj'or roti/innniioit of I he preinintplive. Ail the jiositive fermentation tubes 

as well a.H s(de<.div(', agar piaie.s in each <if the dilutions were subjected to the conlirmatory test aceoial- 
ing to the procedure ri‘<‘.om mended by the Anuuican Public Health Association [lAJ-lJ. In the case 
of positive; plates showing more than live colonies any two of the typical colonies were picked up 
for (^onlirniation. 

The r<‘su!ts of the abov<; tests carried out on 08 samples of niilk (induing farm-produced milk, 
village milk, bulk ,sain}>les handled in dairies and j)ustcuristid milk) are given in Tables I and AX. 

R.esult,s 

A comparison of the, comiuned results of .the presumptive coliibrin te.sb in dilforent media for 
all the samples groiipetl a,ccording to the. dilutions at which ))ositive. ixuictious were indicated is given 
in Table 1. In ordiu' t(t britig out cle.arly the comparative ettidency of each medium in givhig a clear 
reaction in 21 hours, in the same mat(U'lal, tlie number of .samples positive or negative in MacConkey’s 
bix^th at differe.nt (lilutit)ns have been separately indicated in two series. Taking them as standard, 
the numbc!’ of (jorrespo tiding samples in each group showing an identical reaction in the other media 
is indicated. Since all the presumptive positive tube.s as well as plates were positive to the 
■confirmatory test, no sejiarate column is provided in Table 1 for illustrating this point. 

it will be, seen (Table A) that practically all the samples, whether showing a positive or negative 
presumptive test in MacDonkey’s broth, have given .similar reactions in the other two liquid media. 
’The. fe,w disc.repanci(‘s obstu'ved may be. due to sampling errors. There were no false po.sitives en- 
countered as ihe ri'sults of the presumptive, test in all the nuslia were confirmed without ex(a*.ption. 
This is in accordance witli the oliservation of Wil.son el nl [loe. dt.J wlio did not experionice this trouble 
in the case of MacDonkey'.s liroth in a large, number of trials with water and milk, while Farrell [ ioc. 
eit.] mentions tlu; oc(;urren<;e of faXse positives in the ca-se of brilliant gre(m bile 1 troth. 

,As regards the solid media, the number of positives recorded by them is somewhat lower fJiun 
t}ios(' indicated by MacConkey’s broth in the corresponding dilutions. This anomaly may be due. 
to tin; limit of fiv<i or more eo]t>nieB taken as positive evidence being too rigorous a condition, because* 
samples giving even one colony on the j)late may show development of acid and gas in the )i<giid 
medium. Jn n number of cases giving a positive test in MacConkey’s broth the corresponding plates 
have shown one, two, three or four colonies which have not been taken into account. Howt.*ver, 
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no sample sliovvmg five or more colonies on the solid media has given a negative test in Mae(^>nkev’s 
brf)t-h and similmay almost all the samples negative in MacOonky’s hrotli hav(* also given a ne<mtive 
test on the solid media. ^ I'-.-.euvt 


Table I 

Compamon of the residts of eoliform test in different media with tluu 

. Donkey’s broth as standard 


Xiimber of 
samples 
positive or 
negative in 
MacConkey’s 

lU’Otll 


Xumber of corresponding samples giving identical results in other 


Formate 

ricinoleatc 

broth 


Brilliant „ ,, , , . 

green bile "liicLonkeys Eiido’s 

broth ‘‘Sai- agar 


V^ioiet red 
bile auar 


100 

—I 

4 

3 

(Positive series.) 

4 

1 

2 

10 

—2 

21 

21 

21 

10 

10 

10 

-..3 

30+ P 

20 

29 

28 

27 

10 

—4 

23 

21 

18+ 1* 

14 

IS 

10 

•^5 

13 

12 

11 

10 

10 

10 

8 

8 

S 

8 

8 

10 —6 

6 

G 

r. 

3 

2 

100 

2 

2 

(Negativa series) 




A fairly good agreement seems to exist hetweeri the four s<did ni<w!b> r i 

of colilorms were formed on the other two media fFmdo^R nil t>pU'al c 

instances the medium was found 1 Imvn tirin' i- agars), in 

accurate count on them. In the ease of Lsin methyl making it <li{li(ailt lo oJd 

causing considerable difficultv in recoomtioii nud 1 wuo miimi to be gnivvmg on tlu' 
the develojiment of coliforni colonies.'" uraeration ami also possibly interferiu; 


mits of the 
w agar and 
organisms 
ding type.s 
d ('olonies 
in nianv 
obtain an 
iny extra- 
Ibe plates, 
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Tablr II 

(^nwpamlirr vtjickn<‘!j of dijjemd media for (jradmn the jnrsumpii re rvliform lest 


'r.ypc ol' milk | 

I (lulilorm 
' haeilli 

Aiisent 
(ml.) . 


presenti 

(ml.) 

ikifttenrsHcd milk . 

KP i 

10- 


lO-J 

10“" ■■ 

farm produced milk 

10-* 

10-1 ! 


U>-=' 

10-2 


10-2 

10=1“ 

Vilkige milk 

10 » 

10—2 


10- « 

10—3 

Bulk milk (Private dairioH) 


10-2 


10.4 

to -3 


1 

10-* 



10-5 


Nuiiib(M’ ofsampleH iiidii-utod in (JiJIVront; liiedia 


Me. 

Brntli 


4_ 

12 


F.R. 

Brotli 


Broth 


Me. 

Agar 

Emlo’s 

Agar 

E.M.B. 

Agar 

V.B.B. 

Agar 

■ ■■ 

' ■ ^ j 

4- 

f» 

1 

1 

■7 

. 7 ■, 

7 

7 

9 

9 

9 

0 

~2 , 

r ■' 4 

- . ^ 2 

3 

' 8 

1 s 

■■ ■ '4 ■ 

4 


! ■ " 

I aA ' 

0 

2 

H ■' 

j . A 1 

4 

(i 

~\ \ 

' O' 1 

r» 

2 

■ 2 ' 


■' ■ 2 

H 

■ S'. 1 

■ 1 

H 1 

. 1 

7 

ifonn ori 

ganisms 

is taken ns the 


n'iicrioii for iiHsowsino’ Ihe of coMtiiininatioti I’oi' jirailiii” jiurposoK, llic ooni})aratjvo oificieucy 

of cjH'h iiuMliimi from tliis ])oiii1. of viow luis Ikhmi ('xamiiiod in TiiI)lo 11, Tim ■samples have been 
nrcuipt'd according to tlu'ir source and general h'vel of Inictei'iological ({ualit y. and the relative projmr- 
tions of positives iji the highest dilutions of (‘acli scrit's indicated by tin* <Ii!Terent nietiiu are shown. 
.hjv<‘n win'll judged from this angle, the li(|uid media compare wi'll with each olher and about, 85 
per I’eiil of all the samples tt'sti'd ai‘<^ plac<'<l in iilu' same grmles hy each of the media as imlic-ated 
hy the results of the presumptive t(*st in the four gr(mps. .\11 tlu' three broths may, therefonu be 
said to be (ujually ('llicient, for the presunijitive eoliform test in milk, but as MaeCunkey's broths is more 
familiar and ean be easily {)repa.r('d in any laborat.ory from ingredients available locally, it otfeiy some 
atlvanlages ovi'r tlu' other two media, for us(* in this (‘ountry. 

Himilar agreement is found among tin' solid media, although in one ease (village milk) Mae- 
koiiku'y’s agar has given a smaller numbei- of p<isitiv('s than the others in the liighest dilution of the 
series, whieh may lie thn* to sainjiling errors or tx» a higher inhibitory eharaetcr of the former niedinm. 
Though the four nn'dia have yielded fairly comparable results from tin* jioint of \uhnv of the presump- 
tive eoliform test. .\lae(\mkey’s and viohd n'd bile agars have hei'ii found more satisfactory for the 
purptisc than citlu'r Kudo's or Itosin methylene Idue agar diu' to the drawbacks pointed out earlier 
in i*esj)('(‘t of the latter two meilia. The latter have, however, proved useful for eonfirmatoiy studies. 
In the ojhnion of tin' authors. MactVmkey' s agar is most suitalile as it lias be(m found to give highly 
typieal ami clear colonies of eoliform organisms and jn'rmit V('ry lew non-coljhu’nis to develop oil 
t.}ie plates, 

Krom a eom})aiison (d‘ the solid Avith li(juid media, it is observed that the results do not agree 
so closely and only about 72 p('r cent of the samples are ()lac.ed in tin' same grades by all the media., 
Tin' broths have gent'rally iiniieated a greater number of positives than t.lie solid media in the highest 
dilutions of each scries and a good number of samjdcs (20 jicr (rut) found positive' in t.Iu' Ibrtm'r are 
record('d as negative and thus up-graded by the latter nn'dia. It c.amiot he deliniiely conchuh'd 
frmn this t.hat the solid media give, an erroneous estimate of the eoliform content, although they 
ma\ he considered to ('X('rt a slightly greater inhibitory elleet on tlni eoliform organisms and [)r<'sent 
a moi'(' eons('rvativ(' })ielure than tin* Fniuid media, it is well known that the dilution method of 
counting bacteria is subject, to very large sunijding errors even win'.n sevc.ral tubi's an; us<'(] in eaeli 
dilution and that, tin' ri'sults must he regarded as only a. jt proximate |lla.Ivor.son ami Zh'gler, It.tlb ; 
Wilson et a!., loe. eit.]. Accordingly a positive iwesumptive. evidence based on l.he a]>ptja.ranee of 
iiv<' or mort' tyi)ieal eolonii's of eoliform organisms on a single or duplicate, st't of plates may be 
c(>nsid<'r(‘d io lie as reliable as tlrnt obtained from the results of ferment ift ion observi'd in a. number of 
broth t.ulu's, Tlu' plating method is much simpler and gives clear results in 21 liour.s, whereas the 
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brotii tubcK ]'<.H(uire iiujubation for 4-8 liourK according to tlie rccoinineiulcd oiliciai jirociHluri* 
[Miiii.stjy of Agriculture, i{);^4j, altiiougli in. tlie prewent oxj)cran<.uit even tlic liquid media lurvo 
yielded deliiiitc Tesults in 24 .liouns. 


Summary .■ ■ ■ 

Tlie u«c of dir[*e,roiit liquid media (Ma.cOon.key\s, foumite riciiiolente and brilliant, grtam bile 
lirotlis) and solid media (MacConkey’s, Endo’s, 'Rosin rnetliylene blue .and violet; .laal bib.* agars) f<.»r 
l^lie estimation of eoliform organisms in Indian milks has been corajaired. 

2. The results of the presumptive eoliform test in liquid media (dilutio.n method) and solid media, 
(plating method) confirmed on Endo’s or Rosin methylene blue agars liave been examined and Mn.‘ 
comparative efficiency of each medium brought out. All the three liquid media, ami M.nd km key’s 
and violet red bile agars among solid media have been found to give satis factory n'sidts iji 21 hours, 
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TliE VAiliATTONS OF ACIDITY, ALCOHOL TEST AND PHOSPHATE 
NUM BEH IN SAMPLES OF FKBSH BUFFALO MILK 
l-ly Fa n WAR (L\.i R.at Sinoh, T, M. Paul and C. P. Anantakrtshnan, Indian Dairy Res^parck 

Institiite, Baiy2:alore 

(ReceiAaal for public aticm on 17 December 194b) 

G JiSNERALLY milk can witlrstand liigli temperature witliout iindergoing any unwelcome cliange 
, and tills is a verv important factor both from the manufacturers’ as well as the consumers’ points 
of view. But, it is not very uncommon that sometimes certain samples of milk do not stand even 
the ordinary boiling. To determine the hygienic quality as well as to assess the suitability or other- 
wdso of the different lots of milk arriving on a factory platform for various methods of processing 
different platform tests have been suggested from time to time. The boiling test, acidity deterniina' 
fcion, alcohol tesi; and phosphate test are the chief among them. The boiling test when positive, 
indicatc.s tliat tlie milk Ims developt^d. rather liigh acidity, which removes calcium from combination 
with tlie protein. }ui<[ theroldrc allows casein to settle. Boiling only accelerates the last phase of 
this reaction. Acidity determination, as it is usually done, by titration against clccinorinal sodium 
h'yilroxide, doc.s not giveki correct picture of tlie true acidity of a complex fluid like milk according 
to P.og{'.rs (i oL 1 l‘)-Jl j. lilvtm the true acidity of milk as determined by pH value is not a criterion in 
asc(M'taiiiing tlu', iiead stability of millv according to the same authors. Again, acidity of iiiillc from 
individual auiiiials, is siil)ieot to considerable variation and the value of acidity determination be- 
com(?s vcr>' (piestionalilo. Thus the usefulness of the acidity test is limited to the detection of milk: 
that has develofxid C(^nsidorable a, mount of acidity as a re.siilt of bacteriological action caused by 
unliygienic ways of ])roducfion. The alcohol test has been commonly used for wealing out milk 
produced under nnhygieiiic conditions, as well as those that are unstable to heat. According to 
Sommer aud Biniiy [1.923] this tost is subject to the influence of various factors, so much so, that its 
usifluliiess is very restricted. The findings of Dahlberg and Garner [1921] do not guarantee that 
this could always bo used as a criterion of* tlui heat stability of milk. Tire eifects of acidity and the 
concentration of salts are additive so far as the alcohol test is concerned, but .Rogers and Deyslnre 
[1921] and Sommer aud Hart [1926] suggest that the concentration of the mineral salts forms only 
a minor factor in determining the heat stability of a milk. In fact no test which could prodicl; the 
heat stability of condensed milk with a reasonable amount of certainty was known till Ramsdell 
et nl. [1931] developed the pliosphate test. The above authors have reported a pliosphate number 
ranging from 12 to 37 for single herd milk samples from Freisian and Channel Island breeds and 
composite milk samples. According to their findings, milk samples with a pliosphate mimbcr below 
20 coagulated witliin four minutes during sterilization, while samples with a phosphate tmmb.'i* above 
20 had greater heat stability, but at the same time, they warn that a high pho pliate niim])er does 
not always indicate a highly heat resistant milk sample. 

Although there is no local or even seasonal surplus of milk in India for tlie manufacture of con- 
densed milk, during the last war various isolated attempts were made iu certain places to manufac- 
ture condensed milk out of buffixlo milk. Anantakrishnan and Kothavalla {anpuhU^h&l work) liave 
reported, that the alcohol test is more reliable than the phosphate test in prediefing the suitability 
of buffalo milk for condensing and sterilization, but this is just the contrary of tlie fincling.s of Rams 
dell et al. [1931]. Probably this difference might be due to certain peculiarities hi the phosphate 
number of buffalo milk as disbinct from cow’s milk which alone was iuve.stii*ated by the flircign 
.authors. Therefore a study of the seasonal and lactational variations in the pho.spJiate iiumbci' with 
special reference to its relation to other platform tests like acidity and alcohol tests was undertaken 
.and the results of the investigation are pTesented in the following pages. 

Experimental 

■Si.x Murrali Imffaloes, all in the first month of lactation, were selected from tlie herd of the Iiuiiaa 
Dairy Research Institul e. .Milk samples were collected in the morning and tested for acidity, alcohol 
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tLst and plmpliate test at 9 a.m. Acidity was determined by the usual titratioji ufiaiiist sl:uidard 
solution of sodimn. liytli’c>xide with plienolpthaleiii as indicator. The aleoliol test was carihsl out as 
usual by inking equal amounts of alcohol and milk (3 ml.) but the strength of tlie a icolioi was variwl 
from 60 to 80 per cent by volume till a positive test was obtained. Tlie uu^tliod of llainsdell vl al, 
[1931J was adopted for tlie pho.sphate number, viz., by adding <litferent amounts of 0-5 M. sohitifus 
(68T gm. per litre) of potassium dihydrogen pliosphate to 2 c.c. lots of milk till eoagulai iou occairred 
within {>02 ml. of the reagent on heating the mixture in a boiling water hath, for live minut.es. Any 
coagulation w'us taken as positive and the phosphate number was ealeuhited by multiplying liu' 
amount of the reagent expressed in fractional millilitres by 100. The test.s were carried out for al)out 
one Gom.plete lactation to study the seasonal and lactational variations in the various i(.‘sts if there 
were any. Also tw’-o composite sample^;, one cow and one buffalo, w^ere tested tlaily for aeidity, 
alcohol and phosphate tests. Altogether about 1,500 tests wmre made, each for phosphate munber, 
acidity and alcohol tests. In the case of the ])hosphate number, it was a very terlious process to 
arrive at the actual amount of phosphate solution required to jtroduee coagulation as the phospliate 
number varied between 8 and 80. Almost a similar difficulty was experiencecl in tlie case of the 
alcohol test, where also there was eonsiderable variation from sample to sample. Tlie wi‘(‘k!y avej-ago 
of the phosphate number for the individual buffalo milk sam])les as well a.s tlu^ two coinjiosite milk 
samples are presented in Table I. The relationsliij) between a(ntlity and [)lios})halt* luimbcr. acidity 
and alcohol test and alcohol test and pho phate, number are indictiled in Tables !!. Ill ; nd IV 
respectively. .. 

Table I 


Weekly (werage of the Phosphate mmibers of Imffah nrilk 


Week 

Buahlv 

1 

Buffalo 

Buffiilo 

3 

Buffalo 

4 

lUiffalo 

Buffiio 

(i 

Averago 
of sis 

liiiilUlu 
<>t nnp(t- 

situ 

Cow 

sito 

Isfc 


28 

26 

31 

20 

44 

2(5 

2{l 


^ ■ 

2nd 


‘ 27 

26 

39 

25 

51 

26 

32 ■ 

:{0 

47 

Srd 


27 ’ 

.25 

45 

24 

50 

30 

33 

33 


4th 


28 

25 

45 

■ . 

62 

28 

35 

35 

33 ■ 

6th 


29 

31 

m 

22 
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Discussion 

Acidity 


There are considerable variations observed in the acidity of fresh individual sajuphs of buffalo 
milk and even for the same individual sample; day to day variations art* s<» considerahlc tiuO they 
cannot be_attribnted to experimental error. The average acidity of iVesh, buffalo milk in \hv (irst 
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mniitlt, of iactatioii. is found to be 0*12 per cent expressed as lactic acid but tbere is a slight graduai 
increase in titratablc acidity as the lactation advances; this is more pronounc.^d in c'ertaiii cases 
while it is not so evident in other eases. Probably this increase in titiatcble acidity is not due to 
true acidity l)ut due to other factors like casein, and phosphates which also cianbino with alkali as 
sugge.sted l)y Rogers at aL [1921]. 


Table II 

Acidity of milk and ‘phosphate ■ test 


Phosphate Numbers 


Acidity in milk (percentage of lactic acid) 



0-10 

Oil 

0-12 

013 

0-14 

G-15 

0-16 

0-17 

0-18 

0-19 

Total 

0— ir> . . . 
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33 


18 
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14 

9 

9 
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20 

42 

49 

38 

44 

2.5 

10 
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50 
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73 
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21 

0 

11 

33 
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21 

21 
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9 
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4 

11 

10 

13 

4 
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2 
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4 
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1 
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10 

17 

8 

4 
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8 
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1 

00 
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, ■ Tofat , . 1 

40 

j 
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1,2 
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146 
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58 

64 

50 
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Alcohol test 

The test has been ordinarily used for assessing the hygienic quality of milk, ulthougli the relia- 
bility of the same has been questioned by Sommer and Bimiy [1923]. The concentration of the 
alcohol used is also not very definite, various concentrations ranging from 68 to 75 per cent by volume 
being used by different workers. From Table III it is quite dear that positive alcohol te.st for the 
same concentration of alcohol is distributed over a wide range of acidity of milk, This naturally 
indicates that factors other than acidity come into play in making an alcohol test positive. But the' 
geiuu-al tendency, as is evident from Table III, is that as acidity increases, greater percentages of 
samples give a positive alcohol test with the same concentration of alcohol and this is found to be 
statistically significant, Explanations for any disagreement with this general finding, have to be 
sought in other factors like concentration of mineral salts, rennet forming organisms, etc., as suggested 
by Sommer and Binny [1923]. Another point of interest evident from Table III is the unusually 
high number of fresh milk samples that gave a positive alcohol test with 60 per cent alcohol. 
Composite cow m.ilk that was examined side by side very seldom gave a positive alcohol test below 70 
per cent while composite buffalo milk in every case gave positive alcohol test almost a,lways below 
65 j)cr cent. Therefore, it is clear that the present concentrations of alcohol generally used in tlie 
ofi.se of cow's milk are too .strong for buffalo milk. Taking the average acidity of fre.di buffalo milk 
fis ()• 13 |)(u' cent and considering Table III, it is seen that about 42 per cent of the .samples gave po.si- 
tiv(' alcohol test with 60 per cent alcohol. Perhaps this peculiar behaviour ha,s to be attributed to 
^onu‘ (lilfertuice in salt balance in the case of buffalo milk as distinct from cowhs milk. As tlu*. acidity 
jncrease.s mo.st of the samples give positive a,lcoliol test with 60 per cent alcoliol. Acidities like ()-16 
and 0* ! 7 ptu.' cent are .sometimes o])SGrved in fresh buffalo milk and in such, cases 70 and 85 per cent 
respectively give positive alcohol te.st with 60 per cent alcohol. Whatever be the reasons for this, 
it i.s quite clear tlrat in th,e case of the alcohol tesst for buffalo milk, the concentration of alcohol has 
to be reduced to 60 per cent. Even at 0*13 per cent acidity there are samples which, do not give a 
positive alcolu)! test even wdth 80 per cent alcohol, but the number of such sample is very few. This 
aJso may be attributed, to .some change in salt balance. 
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Phosphate test 


Ackiity of milk (lUivcK'utugc of lactic ;u‘M) 
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63- 
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1,085 


A glance <afc Table 11 will clearly sliow tlie wide variations in the distribution ol' t1i.e ])liospli,:ite 
Tnimbers. Altbongli no consistent relationsldp between titratable aindity and plio.spliato nuinber 
lias been reported by tlie foreign workers, it is quite clear that the phosplnitii nunilxn* tannes <lown 
as the acidity increases. At an acidity of O-IO per cent lactic acid in milk, only below oik; ptn- e.ont 
■of the readings for phosphate number fall below 20. As the acidity increases the ]XMNH'iil:)gc of jdios- 
phate numbers below 20 increases rather rapidly so that at an acidity of Odd ])ei’ cent, 27 per <ient 
of the readings fall belo-w 20, and 56 per cent at an acidity of OdO per cent. 'I’herefoni, it. is rjuite 
clear that there is some relationship between acidity and phosphate niinilier, and tJiis too is found to 
be statistically significant. 

Table ITT 

Aiddity of niilk mid akokol test. 


Table TV 

Alcohol leM and phosphate nimihers 


Piospiiato ITumber 


Alcohol concentration 
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IV represents the relative distribution of alcohol and phosphate tests in the same Hehir 
of samples that give a positive alcohol test with 60 per cent alcohol, the proportion of 
samples that have a phosphate number of 20 or below is as high as 39 per cent. With sa.mples that 
give positive alcohol test with 62 per cent alcohol, the percentage of samples giving a ].>Ii,osphate 
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Tinnilx},!; below 20 is us 1 (jw as 5, and beyond 62 per cent alcoliol tius poj*ecntiigG is nogligible. In tlie 
ale.oliol icsfc ii; is a coniinon observa-tion tliat as tlxe quality of milk detGrio!'a,tes tlie samyde gives a 
p itive aleoboi t(xst with lower and lower concentration of alcohol. Bimilndv llanisdel! pA, al, 
[lOOl] jiiive re])oj'te(! that samples with phosphate uuinbei: Ixelow 20 are less stable to heat.. In view 
of the liiuliiigs oi'the present investigation thos(i two tests could ])e put together to asses.s the (puility 
of the niiik sample under investigation. 

Table 1 slsows the individual and other variations in the ])hos])hate number so Jar as hidbdo 
milk is concerned, hor fresh individual aauiples of milk, ligines as low as 10 a.iid as lugh as 82 ha\’e 
bt^eu met with,, but such, figures are very few, so that the mean is always far fjom both, of these, in 
most, of tlu', individual samples, it is found, that there is a gradual increase in th,e phos]xhate num]) 0 T 
us the lactation advances, although this increase is not maintained towards the end of the lactation. 
.'Umost the same tendency is observed in the case of the composite cow and buffalo samples. There 
is considerable daily variation in the phosphate number of tbe individual milk samples aith,ough this 
is not so vt'.ry ma,rkcd in the case of the composite sample. The weekly a\a^.rage of the phosphate 
numbers has iK'.ver ])ecn below 20, although it has touched 20 at times. This shows that tliere are at 
least a. few .samples which fall below 20. liaiiLsdell et al. [1931] have reported that cow milk sample, s 
with pliosj)ha.te unml)ers below 20 have a low heat Btability. From Table [ it is seen that, buffalo 
composite milk has got a higher pho,spIiate number wlien compared to cow comjjositc milk. Pro- 
bably tins iua,v bo f hie to the dillhrenoe in salt dktributioii balance. 


1. The various coinuiuniy used platform teste like tire acidity, alcohol and phospimte tests have 
been studied from tht' beginning of one lactation lor nearly .six months in the case of individual buffalo 
milk samples, ” 

2. The intei'-rclatioaship between, the various tests ha,s been inve.stigated and di.sciissod. 

3. Tlicre is considerable variation in the acidity of the samples from, individual to individual 
and from day to day. 

4. The alcohol test requires moditlcation by way of reducing tlie concentration of tlie alcoliol, 
to be iisiid for biifiulo milk, A concentration of (>0 per cent alcohol liy volume is recommended for 
bnffalo milk. 

r». There is found to bo wide variation in the pho.sj Jiate muiiber of individual hii ffilo milk samples. 

6. An increa.sing number of samifies with high, titratable adclity ha,vc ayihospliate numlier below 

20 . ’ ■ / ■ 

1 . A good })ro])ortioii of tlic .samples giving a po.sitive alcohol test with ftij per ceiili alcohul were 
found to have a pho.spluitc number 20 or below. 
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AN OUTBREAK OF GOAT-POX IN HIS^AR DISTRICT (PUNJAB) 

By II. Iv. Ball, B. Sc., M. R. C. V. S., Gopal Sinoh L.V.P, aud Jagat Skmgh. L.V.P., 
Goveimient Livestock PaiMnUHiss:u' 

(ReceivecHbr publication on 21 May 1947) 

O UTBREAKS of goat-pox liave been reported from time to time from various proviiiciss and 
States of India, l)ut as compared to sbeep-pox its occuiTence lias been less conspicuous. Three 
cases of goat-pox were recorded in 1929-30 at the Government Livestock Farm, Hissar, but there 
isno reliable evidence of its recurrence tmtil 1944-45 when the disease .spread to farm goats from 
the experimental goats. 

The prese.nt work arose out of an outbreak of this disease in Hissar district. In January, 1945, 
tire di.sease was rejiorted from Dabwali but no material was available for investigation. A month 
later, reyiort ol' a fresh outbreak wa.s received from Ratia, Sansa and Fatelrabad villages to tire 
east of Dabwali. 'Fhe disease Iras been observed in the other parts of Pinijub in winter or 
early spring ; .sheep-ptrx has a, similar sea.sonal trend. Such a trend has not been mentioned in the 
various Disisise Investigation DOicers’ reports. Ghadha [1942-43] has, however, stated in conneition 
with .an, oiitlireak in Bonrhay in 1942-43 tliat tire ilisease prevailed througlrmit the year. 

The gua,ts allVicted. in the cuitlrreak in Ratia were of the ordinary den t 3 ’'pe. The variou.s hock 
■owne.rs reported tln^ mortality as 19 per cent in. goats and 11-4 per cent in slroep, Init whether all this 
illness was (bio to goat-pox cannot be definitely said. Mo.st of the animals examined by us were 
re(! 0 V(U’ing and showed pox nodules in the form of haemorrhagic scabs ove.r the back anrl flanks. Two 
examinofl 'pod-mortem, showed no internal lesions except for a single lung nodide in one of them. 
One ftunale kid had pox h.^sious all over the body including tlie udder, the size of discrete nodules 
varving f rom that of a 4 anna to 8 aima bit. To study the disease in detail, a kid having j)ox nudule.s 
was l>r( night to Hissar. 


Experiments at his.sab 

Tftw.stHlssion work 

Rreliminary experiments were carried out in one of the farm blocks, about 14 miles from the*, 
main dairy flock. The disease wa,s transmitted to two six-month old kids (Nos. 1 aud 2), using a 
suspension of seal* material fi'oin the diseased kid. This suspension wa.s scarified on the abdomen 
and a droji of it was also injected intracutaneously. Two other kids, three months old (Nos. 3 and 4), 
one of which, was of hill breed, were then infected from material taken from kids 1 and 2. To main- 
tain tire virus for further study, yet another kid was infected with virus from No.s. 3 and 4, bur. it 
failed to react and we presumed that the virus was lost. On previous occasions also some diffiiudty 
has luHii) (ixjierienced in (istalfiishing the disease under experimental conditions. A similar CiXjKU’i- 
■encf' luis been expressed by Henderson [1938], 

Nuiie of the inoculated kids developed the disea.se in generalized form. l]yer [1939J has reporbal 
; su<‘.(‘.(?ssful experimental repi’oduction of goat pox in a generalized form by imjculatiiig sub-ciitaneou.s- 

ly f)lu()d taken at tli.e lieight of fever or by means of spleen .suspension. However, tliese methods 
were! not tried by us. Following the cutaneous inoculations , in our ('.xperimerital kids, only a local 
reaction was oliserviid. Four or five days after the inocuktion, there was a slight reddiming of tbe. 
•scarified area, coiTcsponding with a rise of body temperature. After eleven d^u^s, Kid No. 1 .diowed 
sharply dUim^d vesicles. The vesicles were flattened and firm to the touch, and liail little fluid in 
them. Ill kid No. 2 there was a rather firm prominent swelling over the scarifieil area, np to tln^ size 
of tlie ])alm of the hand. Within the next few days the lesions in tlie.se two animals became vm-y 
' hard aii<i nodular and were covered with haemorrahagic si.’tabs. The vesicular stage was very transii.mt. 
The temjjerature ro.se by nearly 2"^- lUF. on the fifth day and maintained that level for 1 1 or 12 days. 
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iSprrad vj the dimn^c 

Souu' adult floats, wluc-li ware beiiia; kept lor anotluu* experiment in tiu' sanu' enclosiii'i' as llu* 
IM^x-inlVcfed kids, wau’e transferred to the main gout dairy oiui month alter tlie last transmission 
expdimenl. Idlest goats did not eateli the inleetion during liv<‘ to vsiv v\eeks tlu'v weie m etmtael 
with the artiiieially inle.etf'd kids, and it was tluwelore prt'sumed tliey syimh' luadthy. llosst'Vi'i', si.x 
wetdes al'tt'r tile adult goats wert' transferred, eases of goa.t-pox w<*.re delected ainong them and also 
among the dairy goats. After the disease had subsided in the f’emah' stock, it spreai! to tli males 
which Wf're lieing kept away from the dairy goats, to a.void infection. These obse.rvations seem to 
suggest tliat tlie incnihation period in goat-pox may be fairly long. Aceording to Melanidi and T;^or! * 
zaivi [lydflj. the incubation period in goat-pox is two to thna* days. IoHowimI by a stagv of skin 
crupit ion lasting for two to three weeks. 

Miirtality and lemons 

From the reports of Disease investigation Olfice.rs [19d()-lhir>j. it is found that in Ihnnbay. 
in 19o8-a9, there was 9 per eent mortality in one outbreak and 7d pm- cent in another : two outbreaks 
recorded in the United Provinces in lk>8-H9 and I9'12-4h showed a, mortality-rati* varying from 
In to lit) per eent. Vishwaiiatlian [I9d8-.'19| reported a .‘10 pm* cent mortality-rate in an oiitbnaik 
diagnosed in 19:18-.‘19. Kupjiaswamy 11911(>] reports a. mortality rale of .“il pm' cent, attributing the 
high pereentuge to unfavourable clinuitie eouditions, lack of hygiem* and unsuitalile food. .\e(‘ording 
to Donation and Lestixjuard [198(11 lUserepancies in the r(‘sults of <li(lerent workers on siie('p-pux 
are due to differences in the susceptibility of individual sheep and state of tlie virus, which has liu'cc 
distinct phases of virnlen(*e froiu extreme to low. This is probably tru<> in the case of guat-po.\ a> 
well. Altogether, in the original outbreak. II out of 179 female goats (;i9-7 per emit), .‘1 out of IM 
male goats, 25 out of 100 kids (25 per cent), ami 15 out of .‘5(i (.bt) per cent) <'a.sl rail'd kids, niaics, 
suffered from the disease. The incidence was less in females and- kids than in mah's and adults. 
The outbreak lasted for about two months. Tlii'n* wi're. only two deatlis. viz. goat. No. 59. which 
developed gaiigreaous pneumonia us a complication, and an Angora buck wliich slmwed po.v lesions 
in the lung. Mortality was, tluu'efore, low in this outbreak as compared with that n-poiied by the 
Disease Investigation Officers [193f)-il5] possibly diu' to low vindence of the virus. 

In most eases pox nodules were generuliml over the body, the teats and si'rotmn being parti- 
cularly affected. There was rise of teinperature, lasting for 10 days or nionu and considerable decline 
in the milk yield during the active phase of the outbreak. A typical acute case was that of gmit 
No. 929. Vesicles were present all over the body, nostils, lips, udiler and teats. Pneunmnia 
deve-IopeAl with rise of temperature to 107'’F. This goat, however, recovered after a laborious treat- 
ment. In some cases tliere was su.spension of rumination, and rajiid respiration. A t.i'ndency to 
sit in the snii was observed in many cases. On the sevimth day vesicles lieeanu' black and bv the, 
ninth dav scabs had formed. 


SusCEPTIBrniTY OF OTHER .VNIM.M.S 

According to the flock owmws, sheep also died during the outbreak, but no aflect.ed siiccp wero 
seen at the time of the visit. From the reports of the va.rious Disease Invi'stigation ( tlliceis [ P.i.'h'i- loj 
it seems that in outbreak.s of goat-pox only goats were affected, thoiigb it i^'^ uol. elearlv statod in ail 
cases that these were the only animals affected. Aceording to Mehmidi cf <d. j i9:;<;j, eatth*. horsMS, 
rabbits and poultry are also susceptible to the virus of goat- pox while man is iiisusei'pt ibl.*, lul it 
is only in goats that the disease takes an epizootic form. Slagsvold | ]988|, on tin* other hand, stall's 
that disease is j'eadily tratfsniissible among goats and shec}), a, ml attenqffs to infect cud le, pigs, horses, 
rabbits, guinea-pigs and poultry failed. Bonmlt, Horgan ami Ilasecb jl911| obiaim-d a tipiial 
pox syndrome in sluep, cows, and rabbits with goal-pox virus, though thev round no immmioloiiiral 
relationship between the viruses of vaccinia, shoep-jiox and goHt-})OX. A close relationship howcu-r, 
was observed between the viruses of goat-pox and contagious pustular rhujuabitis of goats. Uni i ni* 
and Marek [1926] .have also stated that in some cases transmission of goal-pox to sheep is .snc(-,..,.ir)(f 
but. that only an incomplete pox exanthema is produced at the point, of inomdal ion. 
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III tlid lirat instiinoe we tried witliout wuecess to infect two laiidis, a buffalo calf and a cow calf. 
Honu'i H.L.saari and Bikaneri sheep were also constantly kept in close contact with infected animals 
but llu*. disease rlid not appear among them. In another attempt two Bikaneri, two Hissari (Merino- 
Bilouieri crosses) lambs were infected ; in one animal of i^ach bread the virus was scariliiHl and in 
tin* olli(M.‘ it was given intracutaneously. Tlio two scarified lambs devidopod vesich's over the scarified 
area Imt notliing happened in the other two. The experiment was repeated with two more lamlis 
using udder scabs from a severe case, goat No. 59. One of the two lambs. No. 248 was scarified 
as well as inoculated intracutaneously at the caudal fold, while in the other, No, 272, the material 
was given intracutaneously only. No. 248 developed a local reaction and pox lesions on th,e 
sixtl). day on the scarified area only, while the other developed vesicles on tlie abdomen at about 
. the same time. These experiments indicate that it is possible to produce .a localized lesion in sheep 
with goat-pox virus, but that sheep do not get a generalized form of the tlisease either by artificial 
infection or by exposure to naturally diseased animals. 

A group of cross-bred bill goats, maintained a,t the farm (Kaiigra hill Angora) contraided tlio 
diseasi', naturaJly and, of course, it was also possible to transmit the disease to them artificially. Out 
of the two cross-bri'd kids used for experiment, one was scarified on tlie abdomen 
and tli(^ other was injected inf racutaiieoiisly at the caudal fold. The kid which was scurifierl developeil 
local v('si(;]os on the tliird da,y and a generalized form of the disease on the eighth day. ^^hile. the other- 
failed to <lcvelo]) iho. disease except for a local reaction in the form of a liard nodule. 

\Acctnatio.x 

When the first case was brought to our notice, it was deemed necessary to immunize the rest 
of the ffock, for which purpose serum-sensitized and glycerinated virus vaccines were tried. The 
vims was obtaimsl from field oases. This method along with ‘ ovination' has been tried liy Chadlia 
i‘1912-] 943] with inconclusive results. Immunization by ovination was also tried on 510 goats 
i>y Vishvvanathan [1938-1930] who observed severe local or generalized reaction in most of them. 

^ (rlffcrriiiafcd virus 

Fifteen female goats 12 to 15 months old and ten kids two to three months old were inoculated 
intracutaneously at the caudal fold on the 19th April, 1.945, with two drops of glycerinated virus 
(virus material mixeil with an equal volume of glyce-rine) which had been left for 24 hours at serum 
pit temperature (about nb-Go'F.). The vaccinated animals, with one exception, developed a typical 
local reaction in the form of a flat, sharply circumscribed vesicle of the size of an eight anna bit. The 
reaction started as a, reddening on the third day, developing into a raised flat vesicle two or three 
days later. In three cases, where an excess of virus was injected by accident, the local reaction was 
severe, resulting in necrosis and ulceration of the skin. Five female goats also developed a few lesions 
on the body, but these animals were possibly in the incubation stage at the time of vaccination. 
Mild thermal reaction lasting for three to four days was seen in some cases on the sixth day. 

rlrtis 

Scabs frciii IVesh cases vv<M*e soaked in serum from a recovered animal, who had shown an acute 
iufection a.iid tli<‘ suspension ke]»t in the seriuii pit for 24 to 48 hours. Ten kids wen? injecte<l intra- 
cutam'ously into the caudal fold with suspension which had been held for 24 hours, and this ])roduced 
a, local reactftm in all cxci-pt one. Three of the kids developed a mild degn-e of pox with two to three 
vt'sii'les only. In a second group of five goats, which were given a 48-hour old sus])o'nsion, there was 
a loi'ul ri'aciion only. These reactions were similar to, though slightly milder than the ones ])roduced 
!)y glyc.erimited ^'il■us, and consisted of a rise of temperature on the Iburth to the sixth day. 

.V week after the reaction had subsided, all the vaccinated animals along with Ii\'o controls, were 
loqd in closi' contact with infected goats for three weeks, but unfortunately neither conti-ols nor 
vai'cinaled showed any symptoms. These experiments were thus inconclusive, except for the fact 
that neitlu'r glycerinated nor serum-sensitized virus produced severe reaction'^ when used as a vaccine. 
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Cliadda [J942-H)46j liowever, of)tained unexpectedly sev<’re-mu}1ioii.s in oiu* ot his ('xperitncijts ami 
believed tins to he due, to tlie serum not beinf^ suticieutly protective. 

Immwnity txHt 

Ten hiuiale jiiouts, (.)[)l"ained f'roin u- j^oat-pox-lrc'c urea, were sii(M)e.ssl’iilly vucciniited with i;lyceri~ 
nated virus (.)n the, 22nd rJiine 1.645. These were kept for tlie, purpose of inumuiity tc.sliny. Un- 
fortunately, at thi.s time, no j^oats could be vacciiuitojd with serum- H(msiti>;ed virus du<' to lac.k of 
facilities. Nearly six moritlLS later, eight of these goats, together witli four kids foui’ months lild 
and born after the outbreak subsided, acting a controls, were scarified on the abdomen with a, saline 
suspension of gout-pox virus obtained from the Indian Veterinary Re, scare, h Institute. Midvte.swur. 
Marked loca,! and tliernuil reaction (rise of 2'^^.) was npticicd on tlie, fifth day in the vaci-U nated as 
well a,s in control animals. On the tenth day the temperature returned tr,i normal, and the lo(;al 
reactions suli.sidefl after 20 days. Tlie results were thus again inconclusive, Apiiarently. th.e Mukte,- 
swar virus wa,s not very virulent, a,s none of the animals was sevcu’cl)' alfix^iHl. Tlie. presimt (‘.Kperi- 
nients, as well as tho.se ol“ other workers in India, indicate the need for further work on the viruleiicii 
and potency of goatr])Ox virus in Imlia, its re.lation to that of slieep-pox an<l tlu'. methods of com- 
bating the. disease in the field. 

8uM.MAay 

An outbreak of goat-pox is described in the dairy Hock of goa,ts at the ( lovci-mm'iif l-ivcHtDcii 
yarm. The disease spread from animals experimentally infecteil with virus obf.aiiied from an out- 
break in .Hksar district. Mortality was low, but there was considerable rediiciiou in milk yield as 
the result of the cUsea,se. .-Attempts to produce the disease in a calf and a biilVaJo call’ were uusucce.ss- 
M. It was, however, povssible to produce local lesions in lambs with the. goat-pox virus. Mroups 
of goats vaccinated with serum-sensitized or witli glycerinated virus, along wiifi non-va,ee.ina1.ed 
controls were exposed to natural infection immediately after vaccination, iuit neither tlm i-iontrols 
nor the vaccinated oiie.s developi'd the disease. An ininiunity test, carried out on another group of 
goats six months after vaccination, with glycerinated virus, was also iiu'unclusive. becau.st* Imt.li 
vaccinated and control goats reacted with goat-pox virus obtained from tlm Indian Veterinary lb*- 
search In.stitute, Mukteswar. 
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SOME OBSERVATIONS OF PASTEURELL<JSIB 

i. -AN OUTBREAK OE PAHTEU.BELL08IS IN GEEHE 


It. N. Mouan, Vet(‘rinaiy JnvcHtigiit.hJii OHicer and 8. X. Bhadukv, JUtSr,, Awsistant Yrterinary 
Investigation Officer (Poultry), Bengal 

(Received for j)iib]ioation on 12 June 1946) 

I 13EU()[{.DtS ot the incidence of pasteiirellosis in birds in India are limited to fowls and the occui’” 

■ * i \ reiicc of natural outbreaks of the disease in geese and other jioultry have received litth; atten- 

tion. In this ])aper is recorded, presumably for the first time in this coiinUy, an outbr<'a.k of “ fowl 
<'holera ' in geese. The diagnosis was made by microscopical and cultural exa.mijia.tion. Homo 
j>athogenj.city tests were also done. , . 

History of the outbreak 

(b‘('S(! wei e ])urc.lias(>d periodically from dilferent j)laccs in the mofussil and si.ocked near Ualcutta 
foi- sale in the city and (dsewlierju At the time of investigation, dth Hecember, there were 

j . id2o geese and a few ducks. These were accommodated under most unhygienic conditions on an 
area measuring about oiie-(juai-ter of an acre, which inclmlcd a small j)ond. so that tliore was con- 
sidera ble ov ej‘-crowdiiig. 

Hporadic deaths were more or less a regular ieatujv, but after the middle, of November, 1945 
tlu‘. geese started dying in increasing numbers. Thus, djniug the 12 days })rocoding investiga- 
tion, some 100 geese died, 24 deaths being reported (jii the last day. 

Only one duck died la.t.<‘ during the pej-iod of inV(*stigation. This too was diagnosed as jjasteu- 
rellosis on blood-film examination. 

■ 1nVEST.[(IATTOK 

Microscopical e.vamlnation of blood-films and ])ost-morteni examination of one goose cadaver 
received with the mortality report on tiie 0th December, led to tin' diagnosis of pasteiirellosis. This 
■ wtis confirmed on further investigation, the results of which are given below. 

J\l ien)(^co})ic<il e.mmiuatiou. Films from perijheral and heait blood, ami also from liver and 
spleen, of sevoj’al cadavers constantl}’^ revealed ‘ bijjolar ’.organisms, typical of PaHicnrdhi- ainseplim^ 
which were, generally present in large numbers. Jti some cases, even in Leishnuin-stained films, 
tbei'e wei'e distilled; inclications of the presence of ca.psul('s manifested by a clear halo around the 
organisms, in contrast with other jiost-morteni invaders which sonnd.iines gained access in small 
numbers. 

(Udlnnil (\r{imi)tn(iov. From heart blood ainl liver of two cadavers PaslvtorKa uviaepllca wa.s 
isolated in jnire or almost pure cultures. Morphologically, they were (.Iram-Jiegutive shoj't rods and 
os'als. Their other cultural and. biochemical cbarachers were: non-mofile. ; small, low conve.x, 
I'diuid, transiusceiit, butyrous colonies on agar })lates ; fairly good growtli with imunnplete surface 
pcllicli', fiurbidity and viscous sediment in broth ; moderate, growth on agar slope ; good growth on 
■ ihiod-agar ; n(» haemolysis; no growtli on McUonkoy ; no change in litmus-milk; indole strongly 
])ositivc ; acid, no gas, in sucrose, luauuitol and nuiltosj^, but not isi lactose,. 

^cd<s. Rabbits, guinea-pigs and fowls were a,vailal)le for iiioeulatioii. These were 

Used as follows : 

About 2 c.c. of heart blood from a goose cadaver was mixed witli about 5 c.c. of sterihj 
()!' this about d c.c. was inoculated subcutaneously into a i-alibit and about 2 c.c. iutraperii 
^ juto a guiiH'a-pig. .Both died the following niglit and films from perijilu'ral blood and 
organs showed typical Padt‘U>'elh.L 
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^^ 4-8 An (huhreak of PaHteurelhsis in Geese 

A few dropf? of heart blood from the rabbit were diluted with about 5 e-.e. of .sierile broth and 
inoculatRl Hubeutaneou.sly into another rabbit and iukavmiousJy into a (bwL Apain, both diec! 
the following night and 'pablemrUa was deinoiisirated in largt^ numbers in lilms and in (-nhnres from 
their heart blood. 

Similarly, from the guinea, -pig, heart blood was subinoeulated intravenously into a, fowl and 
suboutaneously into ajiother guinea-pig. The second guinea-pig looked sickly hjr sonn' day,s, }>ut 
survived. The fowl died about 40 hours after inoculation and showed typical pasfctuAhi in jan'i- 
pherai blood, heart blood, liver and spleen, lilms, 

(Jlinical Jeulmes. These were not o))served systematically. The sym})toms noted W(‘ih‘ ; mark- 
ed dullness, loss of a]jpetite, increased thirst, some discha,rge from the beak, diarrhoea, and^in u IVuv 
cases weak limbs probably due to involvement of joints. 

Post-mortem findings. According to the post-mortem })icture most cases would fall in the class 
of suh-acute infection. Thus, besides usual haemorrhages and varying dcgj’ecs ol' enteritis, the 
liver was found studded with numerous minute discr«itc grayish -ytdlow ‘ neerot ic ’ foci. A Cow 
livers examined earlier in the outbreak appeared clean, except being slightly enlarged, whih>. in a 
few' case, examinetl later in the outirreak, larger ‘ necrotic ’ areas wen* noted, d.’hc spletm was never 
found distinctly enlarged. 

(kjNTllon MEASURES 

The obvious jneliininary step wa.s to relieve overcrowding. This could not Ix'. acemnplished Ibr 
want of space. Such other sanitary measures, like disinfection of ]>r«nnises, etc. W(*re adopted as 
tire prevailing conditions permitted. 

Inoculation with fowl, cholera vaccine and serum as prepared by the iudiau Viderinary lie'*- 
search Institute was undertaken. Since the owners could nett Ite ])erMua,d(sl to withliol<l sale, beyond 
a few days, the results of tliose measures could not be corr(!ctIy asse.ss(!(l. Hoaths conf.inued to 
occur during the first w'oek after inoculation, but later the disease .s(aumxl to hav(!, I,»ecn bruuglil unthu’ 
control. 
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IL— PASTJEURELLOSIS IN DUOKLiNGB 


By H. Nukul U.M.V.C,, Assi.stant Disease Investigation OiliGer (ronliry).. Hydcn'ahad Dii. 

(Received for publication on 14 October 19‘46) 

F owl OMOLERAj as it affects ducklings three to four months (jld, was studied for tlui first. 

time in Hyderabad State in 1943. A general survey of poultry disease in the State 3'evealed 
the existence of sickness affecting ducks which caused sudden death ainl which nns siis]KHffod to 
I'X’. cither cliolera or paratyphoid infection. The disease usually subsided of its own accord. In 
the pr(‘,sent investigation the death of 12 ducks w-as reported within four days of their ]mrchase. 
No relevant inforniation concerning the source of the disease was available. One ailing and one 
dcatl i)ii‘d were brought to the laboratory for examination. 

Lrsionti, No diagnostic symptom of pasteurella infection was appaiumt. Fin])oint lunmiorr- 
hages were fouiid in the heart coronary fat ; the lungs were congested and partly ])nounioni(* ; tlie 
liver contained petechial haemorrhages, as -well as white necrotic foci, while th<i intestines were 
afleett'd with <‘ata,rrha1 haemorrhagic enteritis. All other organs were normal. 

Dutljtiositi. Films of heart-blood and. liver contained bipolar organhms simnlating J^dslcurella 
avisepiiva. To e(jnfirni the diagnosis a pigeon was infected intraperitoneally with 2 c.c. of the siisj)e.n' 
sion of the liver, spleen and heart-blood, while a. fowl was infected iutravonoiisly witii tJu^ same amoimt 
of suspension of bone, marrow. Both died after 18-20 hours and smears of this hlood contained 
organisms indistinguishable from those of .P. avlaeptica. Again, another fowl was infected intraven- 
ously with the same results. A rabbit inoculated intraperitoneally with 1 c.e.. of heart- blof id died 
within five hours of the injection after struggling for 5-10 minutes and passing semi-solid faeces. 
In this case also blood smears were positive for P. aviseptica. The material from the original case 
as well as from the experimental liirds rvere sent to Izatnagar for bacteriological study. Tlie, matodal 
included demuscled femur and tibia bones preserved in powdered charcoal, a jiortioii. of the liver, a 
heart-blood, swab, and heart-blood in a pipette. Pasteurella infection was cuufinned. The organism 
isolated was pathogenic to fowl, duck, pigeon and rabbit, but cross aggliiti nation tests with v'arious 
types of sera proved it to be different from the usual fowl strain. 

Summary 

An outbreak of fowl cholera or pasteiirellosis among ducklings in an endemic form has been 
recorded in H^yderabad State. The duck strain {FaH. uviseptUca) on serologicid (ixamination revealed 
significant differences in its antigenic composition from that of the chicken strain. 



249 



111. -AN OUTllRKAK OF PAfcJTEURELLOSIS IN DUCKS 


i^y S. K. Biiaourv. B.So.. Assistant Disease Investigation Officer (Poultry), Bengal 
(UitccuTOi for pxiblicatiou on 20 January 1047) 

T he disease, though not uncommon, seems to have been little described so hu; as eonc,erji,s syinjr 
toms, })ost-morteni featuios and other correlated aspects of diagnosis and control. TIk'. 
present arti(de deals with a subacute ty])e of outbreak in Bengal. Pasteurellosis was first sus})ected 
from microscopical examination of films prepared from the heart blood of affected birtls, anti diagnosis 
was subsequently confirmed by biological test. A significant point was that the causal organisms 
etadd !)G (hmionstrated only in birds in which the course of the disease was ])rolonged. The charac- 
teristic y.ver h'sions, viz. greyisli necrotic foci, were a regular feature in the protracted eases, and 
wer(^ absent in the less acute cases, hi which also films from heart blood were apparently free, from 
organisms, 

Hidory. About the middle of March, PAlG, a firm of contracdoi's in Palcuita sent to inT 
laboratory two living and one dead duck from their farm. This farm was started about six months 
previously and to its stock fVe<pient additions were made fVom time to time from local markets. 
Prior to the inv('stiga.tion the total niimbe.r of ducks on the farjn was 300. For the pri'vious two 
immths s])oi'adic deaths of one or two ducks were re])orted, and were ascribed to the overwhelming 
number of males to females. Little was done to combat thes(‘ htsses, a.nd no sej'ious at.f<mtion was 
])aid to these isolated re]) 0 ]‘ts. This state of alTairs continued until sudihad}' the mortality figure 
rose to fifteen dead in a single day. Tin' owners, then suspected some contagious disease and segre- 
gated the alfcetod birds, but lieavy Ittsscs continuctl during the next few days till the matter was 
reftUTed to me. 

Invcd'Kjaiivn. The duck farm was spacious a.nd was sheltered by tall shady trees. Adjoining 
was a wide, dec]), seraieircular pond. Some of tht* ducks were found to be swimming in the tank, 
others were resting or moving aliout with a certain amount of freedom, in a nuinner that did not 
seem to prohibit fully indiscriminate mixing. 

At the date of my visit, the number of ducks on the farm luul diminished from 300 to 100, 
and about ‘25 sick birds Inul been segregated, of which four were already dead. The course of the 
<lisease was geiieJ'ally rapid, varying from Jli-20 hours, though some, took a protracted course and 
lingerwl up to tliree .lays. The disease appeared to have lu'.coine widespread and losses at this stag<j 
wei-e i-ccorded at the rate of about 30 a day. (Six birds (three sick and thi'ee reoemtly dead) were 
brought to the labonitory for further study. 

Plinica] symptoms were few but were similar anti more or Je.ss well ]n‘onounced 
in almost every case. There was lameness of both legs, foul-sinelling greenish-yellow diarrhoea, and 
discharge from the eyes, whiidi at times was coj;)iou,s and piirulejit. In some cases, the eyelids of 
both eyes wer(' glued together by an adhesive discharge, but on retracting the lids, the eyes seemed 
to be normal. As the disease progressed the birds lost strength in their legs and rested on their' 
IxK'ks, with head sunken in and turned towards the body. Th<‘re was resphatory difficulty, marked 
by a long insi)ii'ation and short rap)id expirations. Finally, the. neck and ]iiu)>,s were stretched anti 
the bird eollaj)sed, the body sometimes turning turtle. There was ina])j)etance and gtoiei-a] lethargy 
throughout, but the leg- weakness was usually the first sign marking the bt'ginning of the tnalady. 

Pod-hioiiem. The carcases wore generally in fair condition but heavily infested with lice. 

( )ji upt'iiing the body, the lirst noticeable feature was an unusual stickiness of the visetu-u, which were 
t'umesliod in a gelatinous, brownish-yellow exudate. This exudate was so gummy, that it hamper- 
ed the j)ost-moj-tem operatio]i. The lie-art, liver, spleen, lungs, and kidneys sho\\(‘d signs oJ' acute 
con^'cstion. The intestines were filled with dark-coloured semi-fluid ingesta, and the mucous luen.- 
braiie. showed Inu'.morrhagic patches throughout. In two cases the liver wus ])a]e and anaemic. 
Cai'cal scraj)ings of two (lucks showed fairly frequent trichomonads ; from iJie coecnm oi’ ^ulother 
about two dozi'ii trciiiatudes (iV. attcnualm) were recovered, 
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NUTRITIVE VALUES OF BIFEIRENT PARTS OP NAPIER GRASS 

By },is'jHjBHusA]sr Cbattekjee, W.Sc. (Age.), L.Ag., Md. Abbul Hye, M.So. aiiclMi). Sayed Ali, 
Aninial Nutrition Section, Dacca Farm 
(Beceived for publication on 29 May 1947) 

(With two text- figures) 

N apier grass {Pennisetum purpureum) is a fodder which has been recommended lor use by 
the Bengal Agricultural Department. The chief point in its favour is that it is a prolific grower. 
In the earlier feeding trials conducted during 1932, it was found to contain about 10 to 16 per cent 
of dry matter and 90 to 84 per cent of water. Seasonal estimation conducted both in 1932 and later 
on in 1935-30 with plants of different heights from 1 ft. to 6 ft, has shown a variation which is best 
illustrated (mean basis) in Table I, ' 

Table I 

Dry nmller of Napier grass at different heights {mean values) 


1 ft. 

2 ft. 
» ft. 
4 ft. 
6 ft. 
e ft. 


1932 


1935-36 

- 

Leaves 

Stems 

Whole plant 

Leaves 

Stems 

Whole plant 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

18-69 

10-81 

14-64 

2-1-94 

16-47 

19-28 

19-43 

10-51 

13-95 

22-27 

1.5-13 

17-83 

18-45 

11-11 

15-15 

25-31 

16-92 

19-80 

21-85 

12-14 

14-99 

26-86 

20-97 

22-59 

23-37 

13-94 

16-71 

29-68 

25-25 

26*72 

24-57 

15-84 

18-16 

34-26 

26-63 

28-84 


It will be seen that a large percentage of dry matter is in the leaves. There is however a very 
large difference between the values of 1932 and of 1935-36. This is partly due to the fact that the 
1935-36 crop was ratoon continuing from 1982 and partly that the growth was slower in the later 
year, due to some extent to a drier condition. The larger percentage of dry matter in the ratoon 
crop raises the question as to how lar such increase contributes towards a corresponding increase and 
efficiency of the nutrients. This may be partially judged from the percentage of nitrogen as set 
forth in Table 11. 


Table II 

Nitrogen percentage of Napier grass at diff’erent heights {mean values on dry basis) 


NmooEU 19li2 



Leaves 

Per cent 

Stems 

Per cent 

Whole plant 
Percent 

Leaves 

Per cent 

Stems 

Per cent 

Whole plant 
Per cent 

1 ft. . 




1-83 

1-23 

1-66 

1-37 

0-81 

1-10 

2 ft. - . 




1-50 

0-94 

1-24 

1-.34 

0-68 

1-02 

3 ft. . 




1-42 

0-77 

i-07 

1-19 

0-47 ■ 

0-79 

4 ft. . 




1-12 

0-62 

0-78 

0-99 

0-36 

0-62 

G It. 




1-11 

0-42 

0-72 

0-84 

0-25 

0-47 

6 ft. . 




1-33 

0-43 

0-78 

0-48 

0-33 

0-38 


Nitiiogen 1935.30 
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Nntfitive Values of Different FaHs of Ncqner Grass 




Even a cursory gla.nc(i of Tables I and II will show that as the ]){u:nout-ag(‘. of dry matter lia.' < 
increased^ there has been a progressive fall of the ])erceiitage of nitrogen. In ol-her words tli<‘,y stann, 
to vary in an inverse ratio. IJow far such a variation throws its reflex on. (he aeiuaJ yi(‘Id of both, 
nitrogen and dry matter per unit area is also a matter of great import, anee, This is illust,raU,d in', 
:;Eig8.1: and 3. . ' f 



YIELD OF Oi^YMATTm 

YfeiD OF NITROGEN 

— nitrogen percentage 



no, The Yield, of „„ 



— YlElO OP D,^Y ¥.:.Tuf 

- YIELD OF NcTROCiin 

- - NlTRODENPERCiSTACi 
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In thcHe gi'iiplis (I'igs. 1 and 2) the yield of dry matter, the yield of nitrogen and the percentage 
of nitrogen on dry basis have been plotted against 1 ft,, 2 ft., 3 ft., 4 ft., 5 ft., and C ft crops for 1932 
ajid 1035-36. Though there has been a large difference between the actual yield for two years, there 
is broadly much agreement between the bearing of the nitrogen to the dry matter. For instance) 
if we take the case of the whole plant the yield of nitrogen has been highest at 1 ft. crop, at 2 ft. (3rop 
there is a fall which continues up to 3 ft. from which stage it is virtually constant. The dry matter 
however progressively increases though there is a slight variation for 4 ft, and 6 ft. crop in 1932, 
There are two points of interest. From the nutritive standpoint, which stage viz.' of 3 ft., 4 ft. or 
upwards provides the best combination of digestible dry matter and digestible protein ? From, the 
standpoint of plant physiology it opens out an. interesting query as to what becomes of the fate of 
the extra nitrogen which the 1 ft. plant first, imbibes but which is apparently loi^t as the ])lant grows 
in height. From the economic side it is necessary to trap this nitrogen and harUess it for increasing 
a valuable source of nutritive components. This is however a work for the plant physiologist. 

n2 


i 


Tho Yields of dry matter and nitrogen and the percentage of nitrogen on dry basis of Napier grass 
of difierent heights in 1935-1936. 




266 


NiUritiva Valves of Different Parts of Napter (7r<m 




K fcbe distribution of nitrogen and dry matter between leaves and ntenss is eili 
the laj’gest amount of nitrogen, whether in terms of total yield or ])er<‘.('ntag(', falls * 

leaves. The converse is the case with the dry matter. In this tin* stem aeeouut.s •' mboth. 
share with the lowest ]tercentn.go and total yield of nitrogen. Another itihu'esting featiin^died in, 
up to the 5 ft stage the yield of dry matter of the leaves docs not setun to exbihii. sjgjiilicani, vaia 
The drop at 6 ft. is largely hee.auso of slower growth during the dry .sea.soji. The results sugg. i< 
that the ovittnrn of leaves (dry weiglit) does not undergo precipitous variation. Tlit're is no (loubt 
some fall in the outturn of nitrogen (in leaves) per unit area, 'riie main variation is with t in', st<'iu, 
which increases its dry matter as it increases in height, but at the same time it translocates its nitrogsMi 
to the leaves and shows a decreasing amount in the pcr(’,entage or yield. 

Since the criterion of digestibility and assimilability is closely connected with the coarstuiess 
and quantity of dry matter specially from the stem, it w-ould seem that growth above 3 ft. (or at iJie 
most 4 ft.) is likely to react adversely against economic utilization. Only a limited amount of 
analysis of tlic organic components of the composite sample.s of 1932 crop w'as conducted and the 
results arc setforth in Tabic III, 

Table IH 

(Joniposition of Napier grass of different heighls {dry basis) 



Leaves j 



Ste 





1 ft. 

aft. 

3 ft. 

4 ft. 

r. ft. 

Oft. 

1 ft. 

2 0, 

3 ft. 

4 ft. 

5 ft. 

0 ft. 


.Percent 

Per cent 

Per cent 

Per c(mt 

Per cent 

Percent 

Per cent 

P(!r<!eut 

Per 

Per (Milt 

I’ereinit 

I'i'r eent 

Crude protein 

M'S 

8‘t 

«'8 

7'2 

O'S 

8-1 

10-7 

O'S) 



;t'S 

2-7 

True protein . 

12'5 

6-3 

«'7 

5-7 

4'3 

7'3 

(i'.S 

■Pit 

4-4 

4-4 

2',5 

2'V5 

Ether extract 

2'.i 

2'6 

3-i 

3'2 

2'.3 

2‘.'> 

2-2 

:l'I 

I'W 

.1 ‘H 

I'd 

lt'2 

Crude Muc . . . 

21-8 

20-4 

30'1 

30-7 

30-7 

31-3 

28'tt 

2t!’7 

21) '4 

28'8 ' 

Mi'l 

2'2''» 

'Kitrogoii-frec extract 

4.i'0 

40-0 

4f>'(i 

4S'2 

48-8 

47'3 

4t'!l 

r.i '7 

47'-t 

5l't) 

HI'S 


Ash .... 

17'1 

12-7 

12-1 

lO'S 

ll'S 

li-i 

Hi'l 

i:i'l 

M'S 

i;!'2 

12' 4 

It' i 

Boiuhle ash . 

9'3 

7-5 

7'0 

7-0 


.'>•8 

12'S 

H'li 

ll'li 

ll'K 

Ul'i 1 

7'iV' 

Silica .... 

7 '8 

!>'2 

5-1 

3-8 


r,-R 

;!•(} 

2-1 

2".) 

l-t 

2'3 

I'il 

Chlorine (estimated from 
ash) 

O'l 

0-2 

0-3 

l>'2 



0-7 

(I'li 

O'O 

ll'f, 

U'ti 



The main feature here is a higher percentage of protein in the I, ft. stage wJiich can In' <iet{'<'{t‘d 
in Figs. 1 and 2 also. From, the 2 ft. stage the protein content in the lea,ves remains about Mu* sajne 
but in its stem it has gone clown. As can be expected the ether extract porcctitage is mon; in tlu? 
leaves than in the stems. With xe.speot to fibre the lowest percentagt* (21-7M prr cent) has been 
recorded for leaves at the 1 ft. stage, and to some extent upto the 2 ft. stage, hut uhove Ju'ightH they 
, are about the same. As a matter of fact from the 3 ft. stage the pere.<mtage of ermh' lihre wlnd her in 
leaves or sterns is about the same. At the same time tlie lihre fraction of tin* leaves is likely (<•. lx* 
better digested than that of the stem. 

The main feature of the ash content k that the stem has more soluble tiuUler and rsirrcspundif!"'- 
ly less acid insoluble residue than the leaves. This aspect will be. taktui u]) again later. 

Variation in the nutrttve make-up op' the sop-rKR and 'run ooaiuuci} i>\hth 
It will be noted from a general survey of the preceditjg tlmt possihiy s.uucwherc .ahtjui l!i»- 
to 4 ft. stage the cpinbinaticms of eomponents are such a.s to pr(»vi<l(‘ an ceonomic' utili/.ation, Ati 
experiment conducted in 1941 suggests this in a more imju'csssivo nuumcr. 'I'iu' iudieal ion,-, ucrc 
obtained in the following way. During the c<,iurse of feeding awon sf.raw and Napitu' gra.ss i( uas 
.noticed that the animals often left an appreciable fraction, of tin' harder pari of ilu* si.tmn It. wa.s 
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tlicreforc considoro.d advisable to see bow the composition of tbis part varied with tbe rest, A some- 
what arbitrary procedure was ado]:>te(L 

Tlu'. Napier grass was fed chaffed but as soon as the grass was brought for chaffing nob loss than 
tvwuii y pl.'ihts were picked at random, the length of each plant was measured and tlieii all the plants 
weiglicd. A sort of eye and hand test was used by which, depending on the nature of indmduai 
plants f,l).e bottom part of the stem (i.e. the coarser part) was chopped off. The lengths of the two 
])ortious, vi<. the bottom part as well as the remaining part of the stem, were measured out and both 
the pieces were immediately wieghed. The leaves were also separated, measured and weighed. 
Proporti«)nate parts after calculation were weighed out first for the dry matter estimation and then 
to s(wve as composite samples for chemical analysis. Daily estimations of nitrogen and dry matter 
of the (liflerent fractions were carried out. In Tables IV, V and VI the dimensions of 
(liffereut inu'ts, dry matter and nitrogen are set np.* 

* III tlio. feoding trial the coarser part of tho stock was removed before the grass was chofTed. The animals a.to 
holler and left less. 

Table IV 


Dimensions, and perceMage of dry mitkr of different fractions of Napier grass 


Date 

.Loatos 

Dimensions 

Dry matter . 

Softer 

stem 

Coarser 

stem 

Total 

Leaves 

.Softer 

stem 

Coarser 

stem 

Whole 

lilai'it 











Per cent 

Per emit 

Per emit 

Per cent 

litli .TiiljMOll . 

Oft. 

n 

In. 

a ft. 

2‘r» in. 

,lft. 

0 In. 

4 ft. 

2-.5 In, 

2D5 

1-2-3 

19-1 

1,5-4 

n*t,h July nni . 

2 ft. 

to 

ir> In, 

2 ft. 

jll-.S In. 

Oft. 

5-r)i». , 

3 ft. 

ii':4 ill. 

22>.5 

14-5 

17-6 

1'7‘5 ' 

.isth July ton . . 

:j ft. 

0 

"> hi. 

2 ft. 

Ovl In. 

Oft. 

O-l in. 

3 ft. 

3-24ii, , , 

SD2. 

1,3-3 

Jfi-l 

16-1 

;in.h July 101 1 . 

S ft. 

f) 

1.0 in. 

lift. 

8-95 in. 

0 ft. 

IDO in. 

4 ft, 

7-95 in. 

20-2 

12-3 

17-1 

15-0 

liiih July 1041 .' 

2 ft. 

7 

i in. 

2 ft, 

7‘H in. 

0 ft. 

S-6 ill. 

;5 ft. 

4-4 in. 

20-7 

13-1 

19-5 

15-8 

nuh July 1041 

2 ft. 

7 

8 hi. 

;i ft. 

4 in. 

(;) ft. 

.8-7 in. 

4 ft. 

(>■7 in. 

22-3, 

14-1 

18-2 

3 7-2 

17t.h .luly 1041 . 

2 ft. 

7 

95 ill. . 

2 ft. 

fi-3 in. 

0 ft. 

7-1 ill. 

3 ft. 

1-4 in. 

23-.5 

19-1 

19-8 

18-9 

18th July lOU . 

2 ft. 

11 

8 ill. 

2 ft. 

11-5 In.' 

0 fi;. 

8'25 in. 

3 ft. 

7-75 ill. 

32-0 

19-0 

19-G 

20-1 

10th July 1941 

9 ft. 

1 

2 in. 

2 ft. 

4-7 in. 

1 ft. 

0-5 in. 

3 ft. 

5-2 ill. 

2D7 

14-3 

18-5 

17-0 

20th July 1941 

!! ft. 

2 

45 in. 

3 ft. 

5-85 in. 

Oft. 

7-3 in. 

4 ft. 

115 in. 

21-2 

15-.') 

20-2 

17-8 

2U*.t July 1941 . 

2 ft. 

9 

5 in. 

;; ft. 

IMS in. 

0 ft. 

8'0 ill. 

4 ft. 

0-2 in. 

2D0 

15-1 

19-0 

17-4 

22n<l July 1911 . 

2 ft. 

0 

A ill. 

2 ft. 

ll-l ill. 

0 ft. 

8-3 ill. 

:5 ft. 

7-4 ill. 

■ 22-, 8 

L(i-2 

20-2 

, 18-8 

2SrA July 1941 . 

2 ft. 

8 

in. 

2 ft. 

ii-G ill. 

0 ft. 

7-C ill. 

3 ft. 

5-2 ill. 

2:5-3 

15-0 

20-0 ' 

IS-5' 

24 th July I'Jtl . 

2 ft. 

,10 

■7 in. 

;l ft. 

2-0 in. 

0 ft. 

0-4 In. 

3 ft. 

J,l-i in. 

23-0 

i.5-2 

19-3 

1,8-1 

2r.th July 1941 . 

2 ft. 

10 

•0 in. 

2 ft. 

8-2 in. 

Oft. 

7-7 in. 

3 ft. 

3'0 in. 

24-4 

i7'9 

22- i 

20-8 

29th July 1941 

2 ft. 

10 

•8 in. 

3 i t. 

0-95 in. 

0 ft. 

lO-l in. 

3 ft. 

11 -05 in. 

25-8 

17-5 

2-2-3 

20-7 

27Ui July ton 

2 ft, 

J? 

•2 in. 

2 ft, 

1 J in. 

0 ft. 

10-02 ill. 

3 ft. 

9-02 in. 

24-9 

19-9 

, , 21-9 

19-9 

28 th July ton 

2 ft. 

ll 

•:> in. 

:! ft. 

3 in. 

0 ft. 

1D.S in. 

4 ft. 

2-8 In. 

29- 3 

19-4 

25-fl 

22-0 

20ih July ton 

2 a. 

11 

•1 in, 

3 ft. 

1 -9 in. 

Oft. 

11 -4 in. 

4 ft. 

1-3 in. 

22-9 

ivS-1 

23-2 

20-5 

;u)rh July toil . 

2 ft. 


•:! in. 

2 ft. 

II -2 ill. 

0 ft. 

10-8 in. 

3 0. 

10 in. 

25-:5 

17-9 

' 2:5-3 

21-1 

ilia July ion . 

2 ft. 

11 

in. 

3 ft. 

5 in. 

1 ft. 

0 :5 ill. 

4 ft. 

5-3 in. 

23-7 

10-7 

- ,.21-7- 

19-6 


The (lata c.ovin'ed a daily record of 21 day? and broadly it may be stated that, on an average, 
length, (if the stem (Tabhi U’’) can be taken at 4 ft., whereas the so-called rejected ‘or. ooar.ser part 
was not more than 1) in. on the same basis. In other words the top 3|- ft. of the stem was th.e softer 
and possibly the jnore edible and assimilable part, 

if now tlu*. percentages and distributions of dry matter and nitrogen are examined, it is noted 
that the lcav(?s contain the largest percentage of dry matter (20 per cent to 26 per cent), the coarser 
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■ Tablb'.V. ■ ' / 

Nilruijcih p'.rmUmjo of (Uffcirnt jfmtiom of Nafi&t ffmss on (/mm timl dr// / 



Hitkoubm: I, 

Vrcsli basia 

iJry baaia 

Loavcis 

^Soft<,H’ 

Htom 

tJtau'aoi* 

atom 

Whole 

plaiit 

boa VOS 

iS<»l'tyr 

KtOIU 

|^{ loJU'mir 
Bloltl 

WlKilo 

pbuit 

i’er ooui 

L*or cout 

Tor (lent 

Per cent 

I’cr (usnt 

Vi'^T OUllfc 

l*ur eeul. 

I’er cent 

J UhtJuJy llMl , 

O-S? 

0-13 

0*00 

O'is 

1*71 

1*00 

0*33 

1*14 

!.2Ui July 10-tJl . 

o*a2 

010 

0*05 

0*15 

1*41 

O-00 

0*27 

0*84 

13«i July lo a . 

()‘27 

0-10 

0-04 

0>13 

1*20 

0-75 

0*27 

0*83 

i4tli July I'Jli . 

0-41 

0-08 

U-07 

0*15 

2*03 

0-03 

0*40 

1*03 

13th .luly Hill . 

0-27 

o-or> 

0-04 

0-11 

1*30 

0*‘l;3 

0*27 

0-70 

I(tfch July 11)11 . 

o-:u 

0-10 

0-00 

0-15 

:i*3S 

0*73 

0*33 

0*8S 

17th July 1911 . 

o-a2 

0-08 

0*04 

0-14 

1*37 

0>49 

0*22 

o*7(; 

18th ,luly 1911 . 

0-29 

0-07 

0-07 

0-13 

1*2 

0*38 

0-34 

0*02 

19th July 1911 

9-a;! 

O-ll 

0-00 

0-10 

X-19 

0-74 

0-31 

0*94 

aoth July 1041 , 

U*24 

0>10 

005 

0-13 

M3 

0*01 

0*20 

0*75 

2lsb July 1911 . 

O’JJ 

0-08 

0-00 

0-15 

1-30 

0*32 

0-32 

0*80 

22nd J uly 1941 

9-31 

0‘10 

005 

0-15 

1*38 

0*02 

0-23 

0*81 

23cd July 1911 . 

0-32 

on 

007 

0*10 

1*37 

0*08 

0-30 

0*87 

31th July 1941 . 

0-29 

003 

O'Ol 

0*11 

l*2S 

0*59 

.0*23 

0*70 

23tU July 1941 . 

o-ao 

008 

0'03 

0*13 

1*21 

0*33 

0*24 

0*03 

38th July 1041 . 

0-27 

008 

0-05 

0*13 

1-04 

0*47 

^ 0*21 1 

0*01 

27tUJulyl9U . 

0-27 

OIW 

003 

0*12 

Ml 

0-t8 ' 

0*15 - I 

0*63 

28bh July 1911 . 

0-33 

0-09 

0-00 

0-16 

1*33 

0-48 

0*24 ! 

0*09 

29bh July 1911 . 

0>25 

0'07 

0*00 

0-12 

MO 

0-41 

,0*23' ! 

0*39 

30bh July 1911 . 

0-3l> 

0-07 

0-03 

0*14 

1*17 

0-37 

0*23 

0*08 

Slat July 1941 . 

0-30 

0-07 

O'Ol 

0*12 

1*25. . 

0‘39 

0*17 

0*01 


Tablb YI 

Proportion of componGnis in the different fractions of Napier t/rass 

I DlSa'KlBU'HON Ol* 100 BARTS OB' OOMBONBiKTS IH TUB MlfMllJilNT MUCTIOHS 


Dates 

Green matter 

Total -.^100 

Dry matter 

Totals:. 100 

Nilroge-n 

ir.V)tal;..100 

Leaves 

Softer 

stem 

Coarser 

atom 

Leaves 

Softer 

stem 

Coarser 

stem 

lj6aves 

Softer 

stt,un 

Coarser 

stem 

11th July 1941 . 

25*0 

54'3 

20-2 

35-G 

43'3 

2M 

53*4 

40-1 

0*4 

12th July 1941 . 

27*5 

48*0 

24*5 

35*4 

89*9 

24*7 

(jO-9 

31*2 

7-9 

I3th July 1941 . 

20*7 

49'S 

23*5 

33-2 

41*3 

23*5 

54*4 

37*8 

7*8 

14th July 1941 . 

23*0 

58-0 

10*8 

, 31*8 

47*9 

20*3 

02-9 

29-3 

7*9 

15th July 1941 . 

26*1 

64*1 

19*8 

34*3 

45*0 

20*7 

03-4 

28- 8 

7*8 

16th July 1941 . 

. 27*9 

61*7 

20*4 

36*0 

' 42*4 

21*0 

50*4 

35- 1 

8*5 

17th July 1941 , 

29*1 

62*9 

18*1 

35*1 

45*0 

18*9 

05-4 

29*2 

5-4 

I8th July 1941 . 

24*7 

68-0 

17*3 

28*1 

54*9 

10*9 

■57*2 

33*5 

9*3 

19th July 1941 . 

27-0 

67*0 

14*8 

35*3 

48*0 

10*2 

50*2 

38*4 

5-4 

20th July 1941 . 

29-0 

60*8 

13*7 

30*1 

40*5 

15*4 

54*2 

40-5 

5*3' 

2lst July 1941 , 

29-9 

64*2 

15*9 

35*0 

40*9 

17*2 

05*4 


0*4 

22ad July 1941 . 

28-8 

53*3 

, ,.17*9 .! 

34*9 

46*9 

19*2 

59*2 

! . *5-2., .j 

. 5*0 

23rd July 1941 . 

38-3 

64-5 

17*3 

35*5 

45*9 

18*0 

60*4 

35-8 

, 7*S 

.24th July 1941 . 

28-3 

53-7 

18*0 

35-8 

45*0 

19*2 

59*9 

34*0 


; 33th July 1941 . 

30-7 

60-3 

19*1 

30*1 

43*4 

20*0 

08*7 ^ 

23-7 

7-0 

20th July 1941 . 

27*0 

62-7 

20-3 

33*0 

44*5 

21*9 

57*8 

1 34*vS 

7*4 

. 27th July 1941 . 

27*5 

51-0 

20*9 

1 34*0 

43*0 

23*0 

01*2 

33-2 

5*7 

28th July 1941 . 

27*0 

5M 

21*8 

31*4 

43*8 

24*7 

00-7 

3(t-0 

K«0 

29th July 1941 . 

29*1 

48*9 

22*0 

32*1 

43-0 

,24*9 

59-0 

i 29-9 

10-0 

30th July 1941 . 

38*0 

49*0 

21*8 

34*3 

,41*5 

24*2 

0M 

30' s 

7*8 

• 31st July 1941 , 

26*8 I 

49-7 

23*5 

32*4 

^42*2 

[25*5 

00*0 

20*9 

7*0 





(Joinjiosift! HiuiiiilcK I'rom ir>1,h .Inly T.m lo'Jiitli .inly lull (15 diiys) 
I'erocntiigft nf nulrieiits 


Dr.v mill tor. 

OrgiUiio iiifittor 
'.roliil iiiirogon 
Allnniiinoiti nltrugoii 
Crude protein . 

True protein . 

Kther extract 
Crude flbro . 
NitroKMi-lrce extract 
'J'otal ciirboliydratfi 
Anil . . 

Innoliiiilo rcMirtue 
Holulilo iUih 
Calcium (CiiO) 
Magiiotilum (MgO) 
Pol anil (KiiO) 

Soda (i<ra2()) 
PlioMpliate (Pdlio) 


Distribut ion of nutrients 
])er 100 parts 


Whole 

plant 


Whole 

plant 


W-fl 

O.'bS 

aO-ti 

04-0 
59-9 
64-0 
02-0 j 
SU'D ' 
Ol-fi 
;}i-.± 
44-2 
57-0 
:!5-3 
00-1 

32- C 
:K'2 

33- 0 
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stem is intermediate (16 per cent to 23 per cent), and the softer stem, the lowest a 

19 per cent, wliereas on tlie basis of the whole plant the dry matter varies from 1 
per cent (Taliie IV). If the proportionate distribution of green and dry matters are 
V I), it will be noted that tlic loaves and softer stems together account for about 80 per 

20 ])er cent to iho I'ejocted or coarser part of the stem. This is further corroborated 
given ill Table Yll. 

If now the nitrogen is examined on a similar basis (Tables V and YI), tlie highest percentage of 
nitrogen on fi dry basivS is in the leaves (1 to 2 per cent), the softer stem is intermediate at 0*4 per cent 
to 1 per cent and the coarser stem lowest at 0'2 per cent to ()*4 x^er cent. The differences arc still 
strikingly demonstrated on the basis of their proportionate distribution. Here it will be noted 
(Table VI) that if tlie nitrogen present in th.e whole plant is taken at 100, not more than 5 to 8 parts 
(with, tlie exception of the three in which it has been between 8*6 to 10*6) are in the coarser stem. 
In other w'ords over 90 xier cent are certainly available in the leaves and softer stem, possibly in a 
more palatable and assimilalde form for the nourishment of the animal. The largest proportion 
is in tlie loaves (53 to 69 parts), while the softer stem accounts for 24 to 40 parts. 

It is interesting at this stage to compare how the other organic and mineral nutrients vary. 
As tlley could not f)e estimated separately for each day’s sample, a composite sample was made on a 
proportionate basis from Iho collection of 16 days from 15tli July 1941. to 29th July 1941, The 
are set up in Talile VIL 

Table YH: 


Composition and distfibution of nitrorjen in different fractions of Napier grass 


Lcavp.'i 
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Nutritive Vcdiies of Different Parts <f ^Ndpi&rv(ifasB 

Ti; iH noteO liorc tliat the coarser stem lias the largest percentage of organic matter {9C)-7 ]>e'r 
cent), chiefly fibre (68*() per cent) and nitrogen-free extract (06 per <'('ni) ; us a matter of faef. thteie 
conKf.itiite sdch a large part of the organic, make-up that very little, is left- for ilu', otlu'r mitritiv|ii 
components specially protein (I -6 1 per cent) or fat (O-IT per cent) ; much of llie nij-rogen frt'e extracit 
is hovvev(‘r embedded in tlie hard integument wliiiih pnwmt its bill assimiliitioii, ’’riie cituvwv stenu 
is also very poor in lime (6- ,12 per eentj, a characteristic of the vvhoh'! plant ((1-29 per cenl. CaO), I’hie 
ieav(3s contain the largest percentage of protein (B-Ol per e,ent) and lime ((I'b!, |».'r eemt). while the 
softej' stein stands second in protein content but first in. soluble ash (;l-82' p(3r o(Uit). potash 
per cent) magnesia (0*40 per cent), phosphorous (0-86 per cent) and e.hloridt^ (0-2 1 ptu' emif). Taken 
on the whole the more useful components exist in larger percentag(‘s in the halves and softer stem. 

This a,spect is more clearly demonstrated on the bawsis of proportionate distribution of nntih'nts 
shown in the last three columns of Table Vll. It will be noted that per 1,00 parts of whole plant, s 
(leaves, softer stem and coarser stem) about 79 parts of organic matter are, distributed between tln3 
leaves (33*3 parts) and the softer stem (46*0 parts) leaving nearly 21 parts for the coarser stem. 
Protein and ether extract run parallel, being divided between G to 7 parts in the coarser stem, 31 
to 33 parts in the softer stem and 60 to 63 parts in the leaves. Though the actual fibril co,ntent is 
highest in the coarser stem, it only forms 22*3 parts for 100 in the wdiole, plant. Thi.s is due to the 
fact that the entire coarser stem does not constitute more tlian one-fifth of the, whole ])liint. 

Of the soluble ash 90 parts are divided between the leav(',s (35*3 parts) and the stem (54*5 parts) 
leaving 10*2 parts for the coarser stem. The leaves also contain most of insoluble ash (.57 jiarts) as 
compared to 34*2 parts in the softer stem and 8*8 parts in tfie coarser stern. 

Of individual minerals the loaves have CO'l parts of lime, the softer stmn 31 -G ])arf s and the 
coarser stem 8*3 parts. 

The softer stem have the largest share of magnesia, potash, phosphate, ami i-ldorine, viz. 55*0, 
68*6, 56*4 and 63*2 respectively. (Contrary to expectation phosphate has been found higliest (both, 
in composition and distribution) in the softer stem and less in the leaves. 

Taking all facts into consideration the coarser stem, if rejected, will account for a Jos,s of 2(1 parts 
organic matter, about 8 to 9 parts of lime, 14 parts of phosphate, 20 part;.s of soda and 7 part;s of 
potash. The animal is generally inclined to reject much of tins part. 

The object of this work was to ascertain whether in feeding Napier gras.s it would be more 
economical to put the whole plant to the feeding trough or to discard the coarser part. The results 
suggest that the coarser part is poor in composition with respect to all coinpoiuuits «‘xcept fibre ami 
nitrogen-free extract. But on account of its coarse and tougli integuments it is bound to involve 
an expenditure of a large amount of energy in the work of digestion. It i,s lilody that ihs ijxchtsion 
from the diet might prove more economical than its inclusion becau.se of tin* saving of energy ami 
because the diet would be more efficiently digested the loss of essential minerals would be negligible. 

Summary 

1. The composition of the coarse stem, the rest of the stem, and the leaves of Napier gras.H, a 
1 ft., 2 ft., 3 ft., 4 ft., 5 ft. and 6 ft. Iiigh grown in Bengal was assaved ami is di.scuHsed. ^ 

2, It is suggested that the coarse part of the stem is not wortli feeding. 



SOME DIGESTIBILITY TRIALS ON INDIAN FEEDING STUFFS 

Xm. Om SUGAUCANE SACCHEUM BARBAKT JE8W {KATBA) 

Bv L\I< (.'nANo Ditaksu-vj. AiiiticuLTUEiu Chemist 11, Kaktah Siniih Lohara, B.Sc.. (Aghi.) 
and N. AiaiAE Alt, B.Sc. (Agiii.) 

{.Roceivod for publication 26 Oct. 1945) 

T hick (Limljatore VAi-ii'tieB of sugarcane introduced by ttie Deiiartmeut of Agi'icultura in tlio 
Puniali yield higlicr tonnage of cane and bring more profit to the growers than (/rat sugariane,- 
lua„it<; of tliis'the aamindars in the Punjab still gi'ow Aed varieties of sugarcane on a tairly arge 
S Je and Kutiia is one of the most favonrite canes. The mam reason of its todmg favour with the 
zaniindars is that duririt' the days of fodder scarcity this cane can be fed to cattle, being thianei than 
a i the Coimbatore varieties. It has a great tillering capacity and can stand drought flooding aud 
frost Its thickness (average diameter) is 1-ii c.m. Stripped cane forms 6(, per cent of the whole. 

Divestibilitv trials were conducted with Katha sugarcane on five balinval heifers with a view 
to find out the feeding value of this cane, as compared to wheat bhusa, the staple fodder of cattle in 

FH'rSi'ihiwal heifers Nos. 171. 2(tt, 212, 199 and J. D., two to three years old, were used as 
exiierimental aniinai.s for the digestibility trials. The technique tollowed was the same as » usnaliy 
«i ployed in such Irials at the Lyalipur Animal Nutrition Centre [ «c»«.r.s oj tli<‘ IhlHuiment oj 
h, I, Him. 1928, IX (7) ]. The experimental animals were kept on the usual preparatory 
mh d of 15 days. Luring the e.xperimental period all the animals were given weighed amount of 
the fasl and their yoidings were carefully collected and sampled for detailed analysis in the labora- 

The. entire .sugarcane including tops and rUy leaves was cut into half inch pieces with a chaff 
cutter before feeding to the animals. Three digestibility trials were carried out with this feed 

duriuK^ the BKiiitte of Demnber aM 

E..BSULTS 

The Chen. leal composition of the feed employed during the three trials is i^veu in Table I . The 
chemical composition of wheat b/msa is also given for sake of comparison in the sanm Table. The 
'Sbility data and the nutrients digested from KTO lb. ot the feed along with the total digestible 
nutrients are given in Tables II and 111 the nitrogen balance is shown m lahle IV.. 

Table 1 


I 

i.l 

III 


I 

III 


Period 


Perceatage 

of 

dry matter 


40-65 

43-00 

40-00 


Percentage 

of 

ash 


2- 99 

3- 68 
3-12 


100 

100 

100 


Perceniage on dry matter 

7- 36 ' 

8- 65 
7-79 


{as fed) 
9-43 


Percentago 

of 

fat 

.. 1 

Percentage 

of 

fibre 

Rercf-iitagc 

of 

N.P.I!]. 

Percentage 

v.f 

|,roteiii 

Svmrmne 



0-56 

12-90 

23-59 

0-55 

0-51 

13-80 

24-38 

! 0-03 

1 0-45 

13-30 

22-57 

! 0-56 

latter 




1-38 

31-87 

68-04 

1-35 

1-18 

32-12 

66-75 

1-40 

1-12 

33-26 

56-43 

1-40. 

0-88 

38-94 

40-96 

2-19 


361 
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Table II 

Difiestihiliiy eoejjiriehtti 


.1- 

II 

III 


I 

II 

III 


Body 
weight 
in Jb. 


7ii7 

7:^5 

(jS7 


1 

II 

in 


811 

737 

71.M 


«7o 


421 


500 to 700 


8ugarflrtnt 
eaten 
jier day 
in Ib.‘ 

Dry 
inattei- 
eaten 
per flay 
in lb. 

Dry 

matter 

Asli 

14-00 

5-93 

57-42 

0-71 

S-00 

3-44 

51-00 

1505 

13-75 

5-50 

52-50 

3-55 

12-05 

5-14 

53-74 

Negative 

8-0(1 

3-44 

52-50 

17-35 

12-44 

4-9S 

51-02 

12-47 

18-50 1 

7-52 

49-40 , 

1 Nogativf; 

;io-oo 1 

4-30 

I9-40 

' 13-85 

10-31 

0-52 . 

51-32 

13-40 

11-00 

4-84 

51-25 

Megative 

0-91 

4-03 

54-09 

N<-gativ(; 

O-OO 

5-54 

48-71 

Negative 


Digi'siibilii y t 


.... i 


nr.ljh' AVj. 17 J 


01-12 

43-00 

37-05 


57.00 

50-00 

55-38 


I-h.ij'i r Xn. L‘t)0 


50-70 

13-00 


53- 12 
53-50 
51-75 


05-08 

N'egativf 

50-(i(t 

I Do ' 

00-20 

1 Do 

(i2-00 

1 

Do 

50-(i0 

1 )f » 

5S-30 

Do 


45-05 

3li-01 


ih i/i'r A't(. 212 
11-51 ! 


. i 40-75 I 

50-28 

! Do 

! 51-20 ! 

58-47 

Do 

JfciferXo. inU 

1 53-07 1 

oo-os 

1 Do 

lUgu- A'n. ,/. li 



1 55-'03 j 

03-03 

Dit 

li'Ve nl 



1 , 

..Ml 

Do 


ration, ^ ‘ ‘ is ;i non laijnit.oim.nc' 

'I’able 111 

Diyestihle imirimts per WO lb. of feed 


Period 


Dry 

matter i 

Ash 

Pat 

Fibre 

Nitrogen 

free 


— — .1 


: . 


extra et 


I 

II 

III 


II 

III 


'I’otai 
■I Oge.stihlfi 

luitrionis 
O'**' 100 lb. 
o! leetl 


HciJWXo. 171 


23-32 

21-33 

20-75 

1 0-20 1 
0-58 

1 . 0-11 t 

0 - 34 . 

0-22 

0-17 

1 7-51 

7-04 

1 7-28 

j 1 . 7.5 ! 

I 13-42 1 

sn-gative 

” 1 

723-74 

22-02 







2 i -(;;5 




ffe/frr /Vo 




21 - 84 

22 - 1 i 0 -- 
19-84 

[■ b ‘{)4 • 

1 0-36 

0-34 

0 - 22 ' j 

0-16 

1 (i-S 8 

7 - 40 “ H 
«-(l 7 1 

j 14-00 j 

■ 14 -SI 

! 12-00 

j'" 

22 - IS 
22-05 
10-77 
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Table III — eontd. 


IHjjestahlG mitnmhjyer 100 lb. of feed 


l*eriod. 

■ '.'I 

Dry 

inatter 

Ash 

Fat 

.i 

Fibi-r j 

Nitrogen 
free i 

1 extrai-t 1 

Ih'ofpin 

j Total 

j Digestahio 

1 .niitririits 
! per 100 Ib. 
of feed 




i Heifer No. 212 

negative 


I . . 

20-08 


0-28 1 

1 5-77 

13-81 

. 

f 50-14 

II . , . 

20-00 

0-51 

0-2.3 1 

1 6-48 

14-10 

» 1 

21-38 

Ill ..... 

20-15 

0-41 

0-16 j 

6-70 

13-19 


20-21 



■ 

Heifer No. WO 



I ..... 

20-80 


0-31 j 

6-99 1 

14-41 1 

1 

20-14 




Heifer No. .7. D. 



I 

22-48 


0-32 [ 

7-37 1 

15-30 1 

1 

23-37 

i 

1 


. 


Wheat bhusa 




I. ■ . . ''.j 

1 

44*So 


0-12 j 

‘23-80 1 

‘21-40 1 

" 1 

46-47 ; 


Table IV 


Nilfoffen halanee 


; Period 

In-take of 
nitrogen 

(gin.) 

Nitrogen voided 

Balaneo 

(gm.) . 

In dung 
(g«'-) 

In mine j 
(gm.) 1 

Total 




j Heifer No. m 


i; ■ . .... 

.5-81 

8-67 

■ 8-51 ’ 

17-18 

-—11-37 


2-77 

6-16 

11-97 1 

18-13 j 

-15-36 

Ill 

5-62 j 

7-70 

7-53 1 

15-23 1 

-9-71 




Heifer No. 200 


I ...... . 

5-04 

7-33 

7-38 

14-94 

-9-90 

ii: . , „ . . . . 

2-77 

6-22 

9-86 

16-08 

-13-31 

iri . . . . 

4-92 

6-49 

7-42 

13-91 . 

-9-00 




Heifer No. 212 ' 


I . . . . . . 

7-35 

8-96 

9-49 

18-45 i 

— IMO 

11 . . . . . . 

4-37 

7-18 

10-71 

17-89 

--13*62 

Ul . 

6-51 

10-12 

8-52 

18-64 

. —12-13 




Heifer No. 199 


j; , . . . . . , . . 

4-95 

7-33 

7-38 ' 

14-71 

! —9-90 




Hdfejr J. D. 


i: 

4-04 

6-25 

4-4‘2 ) 

10-67 j 

-~6-63 
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Rome Digestibility Trials on Indian Feeding RUiffs 

Katha sugai'uane usually fed as a substitute fu.t“ wheat bhiisa duriug tocbiiM,' seareity. It has, 
however turned out to l)o inferior to wheat bhnm as it is oiu' and a hall tiuH's r'ehtM' in 
proteiu tium sugarcane though total digestible nutrients in both the eases are aJuntst' tiu' saine. No 
doubt wheat blinau contains higher percentage ol‘ libre, but its (jigestil>ility is liigher lhaii tha.l of 
sugamiue (Wheat hhm( contaius 25-0 ])or cent digestible crude libre. while siigai-eane coni aims H)*? 
per cent only on dry matter basis). In order to bring up wheat bJiiisa and sugarcane In a Hiainl enaiu-e 
level, heifers Eo. 199 and J. j>. were given wheat b'/msff ad lib. a,iid 12 gm. of i)itrog(Ui in Ifirni eakn 
and heifers 171,200 and 212 were fed 45 gin. of nitrogen in fona cake witli sugarcane given ad lib. 
With almost equal amounts of added nitrogen in their daily ration tlu' heifers fed mt rvln^af bnasu 
showed a positive daily nitrogen balance of 14 gm., whilst the group fed (ui sugaix^arie siuuved a 
positive daily nitrogen balance of 4*5 gm. only (Table V, whie.li induiates the superiority of the., 
protein in wheat 6/jU.stt. 

Table V 


Daily mtrogen imbunr 


Heifer No. 

Nitrogen in-take 

Voided 

Nitrogen 
ftal (nu;o 

(gm.) 

In wheat 
hkma 
(gm.) 

In cake 

(gm-) 

Total 

(gm-) ' 

In dung 

(gm.) 

fu urine 

(gm.) 




W/iea( bhima-ralv.! 



199 

6-64 

42-0' 

48-64 

1 18-90 

2M(» 


J.D. . . 

9-64 

42-0 

f)l-64 

1 n-m 


■'',■19-34 ■ 







tMH'h 


! (In sugar canc) 

iS’ugm 

''mm-mkt 



■ in . . ' . ' . 

4-5 

! 45- 1; 

49-6 

ir>-3 

i ■ 31-2 

ilri 

200 . . . 

4*4 

45'! 

-49-0 

V2-r, 

,28-f» 


212 . . • . 

6>3 

45-1 

ni-4 

19-6 

mHti 

1-8 ■ , ' 
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SUMMAEV' 

DigestibiKty coefficients of different constituents of siigarcaiie (Katha ded varietv) wtu-e deter- 
mined with five Sahiwal heifers. 

Sugarcane, contains 19-8 lb. to 23*8 lb. total dige.stible nutrients per 100 li).. of the feed. \Vh(‘jr. 
fed alone it forms a non-maintenance ration. It is inferior to wheat /iAwm as a catfch* feed. * 



SimL SEALmO-OF EGGS 

By B. Kr[shnak, .Pomltiy Research Section, Indian Veterinary Research Institute, Izatnagar 

(Received for publication on 16 June 1947) 

{With one text-figure) 

cliicioiK'.y of lime and water-glass for egg preservation under Indian conditions was studied 
* by Macdonald, ami Kiishnan [ 1943]. The preservative action of these substancer ivs generally 
attributed to the sealing of the egg shell pores ; which ensues during the storage in their sohition. 
An attempt has been made to determine the minimum time required to effect this. 

An increase in size of the egg air-cell is due to evaporation of water from the egg contents, which, 
other factors remaining the same, depends on the porosity of the egg-shell. In this work it has been 
assumed tJiat the degree of shell-sealing is inversely proportional to the increase in air-cell depth, 
i.e., the more complete the sealing, the smaller the increase in air-cell size and vice versa. 

Day-old infertile eggs were soaked for varying periods in lime-water and water-glass, prepared 
as usual [ Macdonalrl and Krishnan, 1943 ], and then put into an incubator at 100°F. along wdth an 
equal mimbor ot‘ similar but untreated eggs. After seven days storage, lots of twelve eggs were taken 
fr(,>m each of tlie above seih's and the depth of the air-cell in each egg was measured (see Table 1). 

Table 1 

Averaffe ai.r-cAl thidh in eggs, treated in different ways, after seven days storage at lOffF. 


Depth of air cell (mm.) 


Foriod of immeraion in proaerving liquid 

Liwu-water 

treated 

' Water-glass 
treated 

Untreated 

6 houra . . . . . . . . 

■ 6-.'i 

Xl-3 

10*9 

12 hours 

5-8 

10-2 

ll-O 

IB hours 

f,.2 

10-5 

W-8.. 

24 hours 

6-3 

11-2 

11-2' 

48 hour** 

5-1 

lO-O i 

1X*2 ^ 

72 hours 

6-3 

9'6 1 

10-9 

96 hours . . . . . . . . 

{>•1 

8-6 


120 hours . . ■ 

.'ll 

9-0 1 

11*2, ■■■ 


iV./j’.-- llie initial depth of air-coU in fresh day-old eggs was 4-6 ram. 


The unifeatcd eggs showed an i^verage increase of (vB mhi. in air-cell depth after seven days at 
Under .similar conditions of storage, the increase in air-cell depth in eggs soaked in water- 
glass for live duy.s was 4-3 mm., as compared with 2*0 mm., 1-3 mm., and 0*7 mm. observed in eggs 
irmnersed in lime-water for fi, 12 and 18 hour.s respectively. Even after 129' hour.s soakiTig in lime- 
water the increase in air-cell size was almost the same as after 18 hoars immersion. Hence it seems 
that the. sealing action of lime-water was nearly complete in about 18 hours. Treatment for only 
six hours with lime-water would appear to be much more effective than live days with water-glass. 
Even after nine day.s immersion in wmter-glass the sealing was only partial as indicated by an increase 
of :)‘o mm. in air-cdl d(‘pth. It would therefore appear that the minimum time required for sealing 
fclu" shell pores in eggs stei'ped in lime-water is about 18 hours. The action of water-glass seems to 
be eonipHratively v<>ry sl<»w since only partial sealing resulted even after nine days treatment. 

1 n t ht‘ case of linuv water tlie sealing is perhap.s due to the deposition in the shell-pores of insoluble 
( ,'al '.()a formed In- the iuteraetion of Ca(OH )2 of the lime-water and CO 2 present inside the egg. Since 
this chenueal action is completed quickly, shell-sealing in lime-water takes place rapidly. This. 

■ MB 



Albumen Index 


Lime Sealed. 

Fig . 1 . Interic 


Control. 
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I I L t f- +v»o4- is auieker aad nioxe com|4«te in iresh 

Vi.v^ is furthrr su],port.Ml by t lat tlie ^^^t..iiii muck less of tins gas. 

wiiicli ociicrully (ontain luoiv . ' b .1 ^o'4e, deposition iii tbe pon‘B of iusoiuble 

,io ""“ 

ri;;;::; r';;;,;:' "sy-— '“"■ "tf 

^lass was alauuloned as being too tliat the interior quality, as judged by 

study are presiuit.ed in i ig. i. 7, f wlute). percentage thick Avhite and, yolk index 

albumen index (Average diameter fictji ^ ^ treated egus than in the untreated ones, i he 

a/c/,//d/i)lanieter o.r yolk) was two lots. The treated ones had a signi- 

air-cell depth, however, showetl a inai . ■ stages of the storage period. In the above 

tms tlfm^Smum allowable dridl depth of 9-5 nnn. 
experiment whieli simulad's j jvtarkim^ A<‘i', was attained, in the untreated eggs isi 

(a\n.) according I0 the onlv after Ji ilays. In tlie eonmie^iJ 

r„H, Mays, while in the treated oiies tins ' ^ attaclnd t.: air-cell size. Those with air-ce Is of 

orading of eggs bs 7 ‘f ' ^^dth bigger air-cells are relegated lo lower 

than 't in. depth are re.pa-ted b - teuiiieralures arc high a,nd humidity low, evaporation 
!u the hot summer months, ' . I ' quickly. Bince the bulk ol the eggs 

r,(,in I. I.umi -'ikI i ni,H-(|uiM,th ,i,g. i,.„, to bo ir.nihpoitod Itmn tho 

inodiMTcl in v\naj.o« aii.l oonMilii od ■ ’ i„ il,,, |mH-.oss. Coiise.iuently 

,„on,s 1.. tlin ni)«H. '''« '“'"V ‘ ' "r Uio lint woalkor , uni, .ss o .;;?! i-onSi tin ™mum( r 

,l„.t ,.uk.. „ IVw dnyn t- lyn'IiHu' '.''’■‘■y ' 'j.,,.'’ ' ^ ,a„.a,lv .stoUnl tlx-y may bo r<incted .« niUo 
nboul, d 1 day.s ol lliou' bon a .1 i - ^fter nnll.jotMn 

o|,„l,-. johidtiuK m sni-niuH lo.asoo *!’ ’f jj fcb<-ir iiuality wouldbc inamtaimal betW, nh{rte 

scaled by iiuinersiori in huu'waUuxhii i\in l-h 1 ivcnkc.tmu then'i and thus 


"i-sion in }j; marketing them and thus 

ad:veV,se ccuditions, i or about a ronsiimers with a better quality product. This 

"' •“• 

’'‘''''irthc^'lhiited. States of A.ucrica J^dih^ Minn^ it 

..(vried out. by dipping m oil. .1 he cost ol tli . i.^, ^ ju-..,*,.. Pi u.s adontion to ind.ian. 


vwhere, its im^tliod. oi prcp.ixu,. p..,] henelits to the egg T-racm. .tu imy 

treat meni jiroducers and traders 

ilicrtdore be rccmunieiideti loi j' *' ^ ivi^cd to nut the eggs in lime-water lor at hast 

:l;;;dl numbers of eggs at a, tune. iTtho coolest place available The 

hours, as quickly as possible j^ale.. Better results are uhtaiiied, if the 

shonW a™l 'Ma,;don,d,l. in tl.e ,HV* I bribr.. l).o Inno trontnu-nt. 

:;?£■: I'lniolsfis ildorulod only fo,M,n,. with taWo n«SH. 

SllMM.'Vl.lV . , 

I i-nv irt.iw for ec'g preservation uiuler .im.uan 

' Tin. .....npundiv,. .dlh-i, wW linroyatnr ,„p,n,,,vnd to bn nn,..l, 

■:;:;:I:' t' 1.1."',: h", ‘via' " 

.miruhait for shell scaling. 

. K.EFERENC1B 

*' Ma.d.niataaaaKnshnantlU..i:q- /a./van .. erf. ..ch, 13, ^ 





SELEOTID ABTIOLB 

KCT OK' i-0(!A.b INJECTIONS OP PENICILLIN ON STAPHYLOOOC 
IN THE COW’S UDDBK-^ 

,, , , ^ KM.UN, V.M.l)., lav... W. B.S., B.V.M., a,Kl .tom W. Mooe. V.M.IX. 

1,3. Loins A. , iMiilailelpUia, 

“Mll'l vosiiits ol.ia,iiuHl with local iiijc.ctimis of reported 

^ ^ ; Hu'onic wound, sinuses in man <lue to ^ f pl^ylo« and Oldier .Agents/ 

“ “ 

I'lilarrhal masUtls also called cliromo ma«tit.s. fevonroWe to the action of local 

In Ihis t.vm ot mastitis, condition.s o.xist ^,4 4 a closed cavity or space from 

wmis^^ 

should be supphmiented liy u tiavcnous ^ ^ inioctums alone. 

hatoeen "I'tlined in the condit.ons nmntumed, .thovc cvitl, loM 1 J staphylococci 

It was decided to test the action of c,pe4wiy on the under tissue. The 

,, hi, P cause nnvstitis and also t<uUder,«me ttec^ 

penicillin used was I'pi^^yO'oc'teal y N ' - July, 194 . 

h'. Pellow in Research m Rruccllosis, lliuvu . . , , Lo, the syniptonns they produce an. 

Kt.,„hvlococei ace one of the causes '>* a type of acute perenehymatnus 

• n..'. 'ln\hoso oausiMl by Btri'ptococci. Tliey also cause a sc _ yp ^ associated 

^’mpliclted by seps s an, l^'Jhat i( is nrore re- 

ctTcctivc tiuin granncidm. 

hlentijication of mistihs staphjlococa , i for tlie staidiylococoi Avhich cause mastitis, 

. ,, A-;5sS£l»£-i — p 

L-c normally pre sent in the udder and the mil^ __ 
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J^ffect of Penicillin InjeMions on 

Miiiett.' found tliat lieinolysis on ox-b.lciod or gdiocj>])lcuKl apnr and coaoidaiion oNmninn or 
Tfib'bii-])]u()d plaania wero dianic.ierifitic of ptaphyloonm i.solalrd fioin milk samj»h*s, from udd^'r 
qiiaitei's affected with chronic nuislitin, and from tlie alTcdcd <iUiiiteis d' imws .diowinn sunploms of 
acute, septic parencliyniatoiis niastitis, a.tid that it in imprejbahle that c()c<'i r(M‘uv<‘rc(f. !rum samples 
of rnillv from normal quarters, which do not possess these propmdies, ari* pa.th<'i:,enii“. .Plastridpe^ 
and his associates*^ examined stajdiylococci isolated Iroin milk sani])les from indix idual quarhu's ol 
nnlking cows for their ability to hemolyw ox-blood and coagidah* hiimamldedd plasnui., inr pi'qiumt 
formation, leucocyte count, and other properties, iisijig the lem'oeyte count, as an indc.v o! jiat ho- 
'genicity,. : . , 

■ Table I ■ 

Schedule, followed in laUng milk samples and waking injections of penicillin 




Quarters roooived 8 iiijoctiona 

Quart'CM received 4 in jeo 


Time 

at {) hour intorvats 

at 12 hour intevvalH 

First day . 


. Took Samplo 1, . . . . 

, To(tk Sample 1 

3 p.m. , 


, Milked out and injoctod quarter 

. Milked out and injeciod (jnaHi'V 

9 p,m. . 


. Milked out and injiMjtod quarter , 


Second day 


. Took Samide 2 . . . . 

. Ttjok iSainplo 2 

3 a.m. . 


, Milked out aud iujootcd quartiu.’ 

. Milked out and injected quail er 

9 a.m. * 


. Milked out and injected (luavlor 


Sp.M. , 


. Took Sample 3 , . . . 

. 'rook Sample 3 



Milked out and injected <iuartor 

, Milketl out jiiid inj<>et*'d quarter 

9p.ia, . 


. Milked out aud injected quarter 


Third day 


. 'Pook Sample 4 . 

. 'I'ottk Sample 4 

3 a,m. . 


. Milked out and injected quarter 

. Millml out and iujeeted quurior 

9 a.in. . 


Milked out aud injoctod quarter 


3 p,m. , 


. 3.’ook Sample r> , 

. Took Sample Ti 


Took Sauiplefl fl, 7, 8, and 9 on tho third, sixth, tenth, and thir<,iwnth thiyn i'oliowing, imiiUHiiatoty iH^fore t.lio evoniug 
Milking. 

From the results obtained, they concluded that ability to (lojigiilab*. rabln’t or human- blood plasma 
is more closely related to patliogenieity than any othe-r i>ro]K‘rty. TIh^ great.er mimbt‘r of the (aaiguse 
positive strains were hemolytic hut some were not. 'Idiey a, Iso conehuled tliat staphyloeoiud from 
the udder which are hemolytic on ox-blood agar ai'o nsua-lly pathogenic whether t hey luive ('oaguhd ive 
ability or not, as are also Rtapliylocaieci associated with a leueoeyte lamnt ofoOO.dOO or <.>ver provided 
the cow is not in the early or late stages of lactation. Th(>y ffmnd no didhiite correlation between 
pigment formation and the leueoeyte count. Nearly as many strains of stajihyloeos'ci associated 
with a low leucocyte count produced pigmented coloni<is as those associated with a. higli count. 
Chapman, Berens, Peters, and Curcio,” who studied staphylococci of Immau origin and detiuanined 
pathogenicity by injecting cnltures into rabbits, found that while strains wliiidi cougmlated liuman- 
blood plasma were usually pathogenic regardless of the color of tlu* colonies, thosi' wliiidi produ<*e<{, 
hemolytic yellow colonies ’were usually pathogeniij regairlless of coagulative ability ami. hemolytic 
noncoagulatmg strains that produced white colonics wi'n-i usually noiipalhogenic. 

Flan of experiment 

In selecting the cows for this experiment, ability to hemolyze ox blood, coagulat.c human blood =1 
plasma, and produce pigment were used, together with the h'uc.ocyt.e count, to differefitiate patho- 
genic staphylococci from the nonpathogenic cocci (mieroeocci) which arc commonly present. In cow’s 
milk. The methods by which these determinations were made are di'sc.ribed below. 

Samples of milk were taken from each quarter of the udder at the time of the evening milking 
but before the cow was milked. After the udder had been priqiari'd in the nsua,! wav to prevent 
external contamination, three streams were expressed from the quarter and discarded, and 15 to 
20 c.c, of milk were then drawn into a sterile container, which was placed in a refrigerator until 
removed to the laboratory. 
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Table II 

LWkIIk of cxaniii/alioH of milk mmphs colhckd immodiuhly htfore the fust Injeetkm of pen iaiJUn 


C!ow 

(Jtiai’tci’ 

.Staphylococci per c.c. 

Pigmentation 

Homolysis 

Coagulation 

Leucocytes 
per c.c. 

91 

LH 

80 

M'eclhim 

Hemolytic i 


1,200,000 

in 

LP 

125 

Orange 

Hemolytic 

+ 

00,000 

Kl 

HU 

6400 

Light 

Hemolytic 


()00,(K)0 

1 

KH 

470 

Light 

Nonhemolytic 


1,200,000 

27 

RF 

17.6 

Medinm 

Hemolytic 

-f 

.120,000 

210 

RF 

510 

Medium 

Hemolytic 


90,000 

10 

RF 

6100 

Light 

Hemolytic 

-b ^ 

000,000 

Plating. 

Blood-agf 

ir x)late were juepa 

red by adding 

; 5*0 ])er cent of defibriiia-ted 

cow’s blood to 


melted standard nutrient agar containing 0-5 per cent of sodium chloride and inoculating two plates 
from each milk samples, one with 1-0 c.c. and one with OT c.c. After 48 hours incubation 
at (f , the plates were examined for hemolytic colonies and for nonhemolytic colonies showing 
])igmentati<:»iu Two plates of standard nutrient agar were inoculated with the same quantities of 
each Ham])le and examined after 48 hours incubation, since pigmentation could be more 
readily detected on this medium. Hemolytic colonies of staphylococci and those showing any degree 
of pigmentati(jii were picked off and streaked on standard nutrient agar. A film was also })repare(i 
from one of these colonies and gram-stained for microscopic examination. After the ox- blood agar 
and standard nutrient-agar plates were prepared, each, milk satiiple was incubated for 24 
lioiirs and then streaked on ox-blood agar. These plates were examined after 48 hours 
incubation at 87 C. ^ , 

Coctyuktse test. The technique used by Ciiapmau, Berens, Peters, and Ciiroio,^ as modified by 
Plastridge and associates,** was used to determine ability to coagulate liuman-blood plasma. • (Rabbit-* 
blotal }>iasma is equally satisfactory.) A 4 m.m. loopful of a 21-hour-old culture on nutrient agar 
wavS mixed witl), {)*5 c.c. of Jxesh plasma contained in a f in. l)y 8 in, test tube, held at room tempera- 
tuns and examined after one, two, three, and twenty-four hours, for evidence of clot formation. 
.I<lvid(‘nce uf clotting during the period of observation is a positive result. The human-blood plasma 
was obtained, by di’awiiig 75 c.c. of blood in a flask containing 7*5 c.c. of a 10 per cent solution of 
sodium c,‘,il.rai.(') and ctuitriluging to separate the plasma from the blood cells. The plasma should 
be. used within forty-eight hoiirs. 

Lcuevcijte Count. Tlie slides for the leucocyte count were prepared and the count determined 
as specifitni for the direct microscopic method of counting bacteria in milk in Standard Methods for 
(htMijv nri nation of Dairi/ Froduots,Sth ‘ii to M. 

On the information obtained by the methods of examination described previously, seven quarb.vrs 
were seh'cted for treatment with penicillin — three in I cow (10} and one each in 4 others (91, 1, 27, 
and 210), None of the cows showed any clinical symptoms of mastitis. According to tlio history 
obtainable, all iiad })i:eviuusly had attacks of catarrhal mastitis due to streptococci but none recently. 
On pa!j)ation oJ' the ,sele(!tt;d quarters, indurated area were found in four, viz. to a 2 in. by -4 in. area in 
the, left iVont ( juart(u' uf (.;ow 10 and a similar area in the right liiud quarter ; a nodular area 21 in. in 
(liann.Uef in tin;, right hind quarter of cow,* with thickening of a part of the mucous m.eml»raue uf 
the, milk cistern, and an urea 2| in. in diameter in the right front quarter of cow 27. 

Schedule <f dorntje and. now pll'nff 

Ptmie.illin was used in the j\)rm of the sodium salt. This material, at the time of its preparation, 
ussat'ed 820 0,\ft,»rd units {xm- milligram. It was contained in sealed glass vials, 120 jjig» in each vial, 
and the, vials were closed with rubber stopx^ers. Difiiculty was encountered in .D,uiking otheii 
. , ' , ta 
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Ejfect of Penicillin Injections on Blaphjlococdi 

fUTangemonis for tlio .siudy so tlie penicillin was sf-orod in a nd'ri^eml.or until its use niric^ ntord.hs 
later, at wlii(*li time, the. assay value was 190 Oxford units j)er inilligrani. Tlu' I’oidenis o! a, siii,'j,In 
vial was dissolved, in 500 c.c. of sterile normal saline solution and injected in ! dose. tjindi <liKt\ 
tliercforc, contaiued, 22,800 Oxford, units of pivniciliin. Tlie solution was |)r(!|tured, iiniiHnlia.t.ely 

before injection, tlic vials being stored in a relVigiuuior until tluit tiuie.. 

'I’ABLiii 111 


Pesulis of emmincUion Jot skqiJtyhcoccl of milk mniph,s fram. mhler quarlot'ii rircivin</ (iylil- ii)jrrlloos af 

inlemilft of diJH hours 



Four of tlie quarters .selected for treatment wanv given 8 injections of fjOO t-.c,. of t!u‘ .solution, 
via. tlie teat canal, at intervals of six hours, am I til me rec.eiviul -i inji'ctions, at 12 hour intervals. 
The treatment was begun at tlie time of the. regular evtming millving. .Inst, liehu-t*. the c'.ow wa.s 
milked, a sample of milJv Avas taken in the manner de.se.ribed prt'vicnisly, from tlm, quarter to bt*. 
injected. After the cow was milked by the regular milker, the <juarter was stripjn'.tj ; t.ln‘ teat, wiped 
with 70 per cent alcohol ; and the first injectiun ma,de., The.st^ ,sa,mplcs wm‘(‘ givtui tln^ dc.signation ! , 
and the containers ivere marked with this nuinher and tlm uuuiIkm' of the eow. 'fhc. cpiarte.r \va,s 
also indicated. Before each subsequent injection, thei qnarti.u' to Is; {njc<,;i,ed was milked, out. as 
thoroughly as po.ssible. Samples were taken every 12 hours from both' gnmps of qnarl-crs, i.c, 
from tho.se receiving 8 injections and tho.so receiving 4 injections. All cows in tlu'.oxis'rini cut were, 
milked before any of the other COW.S in herd. 

The schedule followed iu making the injections and taking tlm milk sanqikis for ialiondory 
examination is presented in Table 1. Ileferring to thi.s Table, it, will be swn that, the samples ta,kcn 
from the qu.arters receiving 8 injections and immberod 2, 2, 4 and .5 w('m, drawn from llu'. trca,tcd 
quarters six hours after the last of 2 injections, given six lu,)iirs a.j)art, and that the. .samples from t.lie 
cows receiving four injections ami numbered 2, 3, <1 and 5 were each taken 12 hours after a, single 
injection. Samples were also taken from both groups on thti third, sixth, t.tudJi, and. thirtcimth dav.s 
following the last injection and numbered 6, 7, 8 and 9, respectively, ddu'.se, .samph's wm'e, talom 
•immediately before the evening milking. Each sauiplo container was marked to iudicat.c the mindKu: 
'of the- sample, the number of the cow, and the quarter. 
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llic rcsiiU-.K of file oxainiiuition of samples 1, which were taken immodia-tciy before the iixst 
injf'otion, are shown in Talile ] 1. In samples taken previously from the loft hind quarter of cow 91 
and from ilu' jl^^ht front quarter of cow 27, the plate count of staphylococci was much higher than in 
samples .!, being lld»00 and ]4,{)()0 per c.c., respectively, A great variation in the number of staphy- 
lococci in samples frotn the same source, even when they are collected at short intervals, has been 
rcporlod by a number of investigators. 

Table IV 


itV.v?d/.s of iKmmimilion for staphylococci of milk samples from udder (puirlers receiving four injection 



Cow 27 a. F. Quatter 

Cow 216 a. F. Quarler 

1 

Cow 10 II. F. Quarter 

Wunijili-. 

StapliylimoiaJ 


Staphylococci 

Staphylococci 


I’l Hired 
I’lutos 

Streaked 

riufces 

Co.'iHiila- 

tlon 

Poured 

Plates 

Streaked 

Plates 

CoaKUla- 

tloii 

Poured 

Plates 

Streaked 

Plates 

Coasula* 

tiou 

lU'luH' inji'OUiU ■ 

U 

n 

■1 

n 

u 


11 

H 


AUfi' iujuitiuii 

" -V 

11 

-L 

- 

- 


“ 


-1- 

7 . ■ . 


11 

-i- 


11 

“ 

_ 

H 

+ 




n 

+ 

H 

11 

- 

_ 

■ NH 




11 

-1- 




— 

H 

+ . 


u\ hln.iil 11 hi'iiwlytii: nilmiu's; Nil — aoiiliotnolyfcii; uokmius ; — =iii> staiihylocooci coLoiilcs ; -I- =oougultitkm, — b=iio 

I’.IKHlulMm. 


Discussion OF hesults 

ddie j-cHulis ol' the ('Niuniriiition for staphylococci of the samples oollectcd after the injeotion of 
|nmieillin was begun and in the p(‘.riod following the last injection from the quarters receiving 8 injec- 
ave given in I’abli*. 111. Similar information regarding the samples from the quarters receiving 
\ injectiuns is )>rescnled in Table IV. On examination of these Tables, it will be seen that staphy- 
bu'.uc' i did not apuriir on any of the plates inoculated with the milk samples numbered 2, 3, 4 and 5, 
frutn ciibm* group, 'rimsi* from the quarters included iu Table III were taken after 2 injections of 
priiicillin bad been given, t he last six hours before, while those in Table IV had received 1 injection 
twelvi' hours previously. 'I’liese results indicate that the antibacterial action of the penicillin contixiucd 
ibr 12 hours and that, is p to this stage of the experiment, 4 injections at 12 hour intervals 
were a.-i etfei'iive as S at six hour intervals. 

d'lie 1 1'ea ted qua it er ( eow 9 1 re.maiued free of the infection during the entire period the exaniina- 
thm of milk samph'H was continued, i.e. for 13 days after the last injection. It is probable that 
ihe quarter treated in i.'ow 1 also r« on ah leal five of the ongiiial mfection since the nonhemolytic strain 
t»i' .-laphyloeucei in samples (). 7, S a,nd, 9 from the quarter did not coagulate human-blood jdasina us 
did tlie nonheniolvtie, strain which infected this quarter prior to the injection of penicillin. Both 
thes.c quart Cl, s rc.cciveil H injeet.ions at intervals of six hours. The two other quarters given the 


2*74 


'Effect of PenicilUn Injections on Btaphyloeocd [XVlt 

same treatment and also tlu'. three tliat received 4 injections at intervals ot 12 hours wcu'e. aitpa- 
rently free of the injection when samples 5 were taken six and 12 hours uffru’ the last iuj(Hv^ 
tion, but samples 6 oi* 7, taken on the third ami sixth day following' the last injc'cfiou ami samph's 
taken subsiapieiitly vere found to ho infected. Since one of the quarters iveeiving <S injections was 
apparently (deuret! of the infection and another was probably cliiared, whih*. t/tui inft'ction disappeared 
only temporarily from the quarters receiving 4 injections, it w'ould appear that a, iuor<‘ prolonged. 
ariti])acterial action was jnodiiced by 8 injections than hy 4, although given wit.hin tlu' saim^ j)eri<Hi 
of time. However, since no growth of staphylococci occurred on any of tire plati'S imaailated with 
samples 2 to 5, inclusive, it is’possi])lo that they containod sufricient penicillin to inhibit gi-tnvlb (d 
the organism and that growth occurred on the plates inoculated with sam})les takcii suhseifiumtiy 
because all of the penicillin injected had been a])sarbed or eliminated. 

].leferring to Table IV, it will be noted that sample G from tlui right trout quartc'r of cow 10 was 
infected with coagulasc positive nonlicmolytio staphylococci but that tln^ staphylm.'occi fouTjd in 
samples 7 and 9 cvere hemolytic. A sijnilar variation was observed in milk samples examined bci‘or<^ 
the injections were made. Coagiilase positive nonhemolytic staphylococci were }>rt‘s<‘nt in a, sanqdo 
taken from this cjuarter 12 days before sample 1. 

The first I to 1 of the milk obtained from three of the cpiartcrs rectuviiig inj<K;tious at six-hour 
intervals contained slugs or strings of mucus and wms watery after the first injtadion and the milk 
of the other cpiartei: receiving the same treatment was similarly aIVceted after the second injection. 
Later, this portion oi the milking was of a greenish or yellowisli color. This condition continued up 
to the time of taking samples 5, six hours after the last injection,. 

Similar changes occurred in the milk of the quarters receiving 4 injections at eight hour intervals 
but to a lesser degree. The milk of one quarter in this group wa,s altia'»al in appearaiiee alter t he first 
injection and of the other two after the second injection. The milk of one of the latter was of normal 
appearance at all other succeeding examiiiatiojis. 

When samples 6 wuwe taken on the tliird day following the last inj(!ctiun, the milk of all quarters 
was of normal appearance. 


The average daily milk production Ibr om* week before and for the lirst, se(!t)iid, ami thirtl weeks 
after treatment are shown in the hillowung Table 


€ovr 

BcIxu’o 
. trcatmoiit 

1st IVock 
iiftor 

2thI WtHik 
after 

3r(l W'uck 
after 

Stiifi*! of laetatum 
wliea Lroated 

m 


lb. . 

lb. 

lb. 

lb. 



17-15 

]6-(i0 

16-SO 

KMO 

both W(’('k 

m . , . . ■ . 

23-12 

2141 

20-03 

10-70 

3.Sth ,, i 

1 ..... 

31-01 

20-10 

20-00 

20-00 

mill „ ' 

27 

32-0-1 

35-02 

28-80 

32-30 i 

nth 

216 

4,1-62 

i :w-4i 

i 28-80 

32-00 j 

I 14th „ 


Cow 10 had three quarters injected, tw'o wuth 8 doses and unt>. with 4 ih)S('s. Oiu' quarter was 
treated in each of the others. Cows 91 and 1, received 8 doses and 27 and 210, 1 < loses. 


As to the effect of the injcc^tions on th.e uddew tissues, only 1 cow, 91, showe<! any symptoms of 
irritation. The lower portion of the quarter treated in this cow' was swollim and hai-di'iie.d IhnM.*, 
hours after the first injection hut the swelling was not hot or j)ainful to pn^ssun'. In a few hours, 
the entire quarter was involved and after the second injection the sw(‘,lling iniinsiscd sliglitly, No 
further change occurred until after the fourth injection. The sw<*.lling had begun to decrea.se a.nd 
had disappeared entirely on the third day following the last dose. 

The temperature of the cows was taken at the time of each injection and was within, llm norma! 
range in all instancies except at tlwi time of the second injection, wlieii it was l(,);b2 h\ in cow 91, 
i03‘2 T. in cow 10, and 103‘G F. in cow 27, and at the time of the third injection 102 F. in cow 210. 
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Summary 

Seven udder quarters, mfected with staphylococci, with charaeteristics c()rres])ond.iiig to those 
of mastitis staphylococci, were given injections via the teat cafial of a solution of penicillin in sterile, 
normal saline solution, hour quarters were given 8 injections of 500 c.c, each at intervals of six 
hours and 3 received 4 injec-tions at intervals of 12 hours. Each dose contained 22,800 Oxford 
units of penicillin. 

Samples of milk were taken for laboratory examination immediately ])efore the tirst injection, 
at intervals of 12 hours during the injection period, and on the third sixth, tenth, and thirteenth 
days following. 

Laboratory examinations indicated that the samples from all of the quarters taken after the 
first injection were free of the staphylococcus infection. The samples taken subsequently, up to 
six and twelve hours after the last injection, were also free, but infection again developed on the 
plates inoculated with samples taken from five quarters on the third or sixth day after the last injec- 
tion. The original staphylococcus infection has apparently been destroyed in the two other quarters. 
Both of these quarters received 8 injections. 

The results indic^ate that the antibacterial action continued for tw(4vo hours but 4 doses were 
not sufiicient to obtain a permanent effect. 
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EEVIEW 

The Scotch Shorthorn —The herds of Scotland, England and Wales, 1945-46 

By T. B, Marson {Published by Macmillan Co., Xfil., London. Price 2s.) 

T he Scottish Shorthorn Breeders’ Association has published a description of every lierd of 
registei-ed Scottish Shorthorns of any size in the United Kingdom .so that intending purchasers 
may conveniently survey the vUiole field of potential operations. 

The compilation was entrusted to Wing Commander Marsden and he lias succeeded in exliibiting 
the stock of each member in such, a way that it gives the reader, in a most interesting manner a 
knowledge of the farm a.nd conditions under which each herd is raaintained, an intimate glimpse' of 
the personality of the owner, a sample description of outstanding individual bulls and c'.ous the 
numerical strength of the herd and other details. ’ 

It is, as the author says, ‘ a brief factual presentation of the salient featur(^s and characteristics 
of the existing individual herds of pedigreed Scotch Shorthorns The interest of tiie book for 
Indian readers may well lie mostly in.the exhibition of the skill of tlie autlioi' and tdie |)rinter.s. for 
the breed is not one of those likely to suit us. 

MfHPe--M---in4.1C---29-6.48-520, 


